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PREFACE  TO  THE  FOURTH  EDITION. 


The  progress  made  by  Physiology  and  the  kindred  Sciences 
during  the  last  few  years  has  required,  for  the  present  edition  of 
this  work,  a  thorough  and  extensive  revision.  This  progress  has 
not  consisted  in  any  very  striking  single  discoveries,  nor  in  a 
decided  revolution  in  any  of  the  departments  of  Physiology ;  but 
it  has  been  marked  by  great  activity  of  investigation  in  a  multi- 
tude of  different  directions,  the  combined  results  of  which  have 
not  failed  to  impress  a  new  character  on  many  of  the  features  of 
physiological  knowledge.  It  is  also  to  be  remarked  that  new 
acquisitions  of  real  importance,  in  any  one  branch  of  Natural 
Science,  are  almost  always  found  to  have  such  a  connection,  either 
direct  or  indirect,  with  the  associate  departments,  as  to  occasion 
in  them,  at  the  same  time;  some  modification  or  enlargement. 
This  is  eminently  true  of  the  invention  and  improvement  of  in- 
struments or  other  means  of  discovery  in  Natural  Science ;  such 
improvements  being  usually  found  applicable,  in  some  way,  to 
various  kinds  of  investigation.  Improvements  in  the  construc- 
tion of  microscopes,  in  photography,  in  galvano-electric  and 
thermo-electric  apparatus,  and  in  the  various  contrivances  for 
measuring  minute  intervals  of  time  and  space,  have  all  been  ser- 
viceable in  this  way.  It  is  by  the  aid  of  such  improvements  that 
Helmholtz  succeeded  in  measuring  the  rate  of  transmission  of 
the  nervous  force,  and  that  many  facts  have  been  ascertained  in 
regard  to  the  character  of  the  pulse,  of  muscular  action,  and  of 
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the  physical  chawges  in  the  eye  during  the  act  of  vision  at  dif- 
ferent distances. 

luveetigations  of  the  habits  and  functions  of  any  of  the  lower 
animals  seldom  fail  to  exert  some  influence  on  our  knowledge 
of  the  higher,  owing  either  to  anatomical  resemblances  or  to  a 
physiological  connection  between  them.  Such  are  the  discov- 
eriea  made  by  Virchow,  Leuckart  and  others,  in  the  structure  and 
history  of  parasitic  aoimals  attecting  the  domestic  quadrupeds 
and  the  human  subject;  and  the  investigations  of  Prof  J*  Wy- 
man,  on  the  appearance  of  vibriones  in  organic  infusions,  and 
the  conditions  which  favor  or  prevent  their  reproduction. 

In  the  revision  and  correction  of  the  present  edition^  the 
author  has  endeavored  t/O  incorporate  all  such  improvements  in 
ph\'siological  knowledge  with  the  mass  of  the  text  in  such  a 
manner  as  not  essentially  to  alter  the  structure  and  plan  of  the 
work,  so  far  as  they  have  been  found  adapted  to  the  wants  and 
convenience  of  the  reader.  Special  acknowledgment  deserves 
to  be  made  of  the  investigations  of  J.  Lockhart  Clarke,  Esq.,  on 
the  Gray  Substance  of  the  Spinal  Cord ;  and  those  of  T)r*  John 
Bean,  on  the  Medulla  Oblongata  and  Trapezium ;  which  have 
now  placed  our  knowledge  of  the  structure  of  the  spinal  cord 
and  base  of  the  brain  in  a  new  position,  of  the  greatest  impor- 
tance to  the  physiology  of  these  parts. 

Several  new  illustrations  are  introduced,  some  of  them  as 
additions,  others  as  improvements  or  corrections  of  the  old.  Al- 
though all  parts  of  the  book  have  received  more  or  less  complete 
revision,  the  greatest  number  of  additions  and  changes  were 
required  in  the  Second  Section,  on  the  Physiology  of  the  Ner- 
vous System. 
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INTRODUCTION. 

L  Physiology  is  the  study  of  the  phenomena  presented  hj 
organized  bodies,  animal  and  vegetable. 

These  phenomena  are  different  from  those  presented  by  inorganic 
substances.  They  require,  for  their  production,  the  existence  of 
peculiarly  formed  animal  and  vegetable  orgaijisms,  as  well  as  the 
presence  of  various  external  conditions,  such  as  warmth,  light,  air, 
moisture,  &c. 

They  are  accordingly  more  complicated  than  the  phenomena  of 
the  inorganic  world,  and  require  for  their  study,  not  only  a  pre- 
vious acquaintance  with  the  laws  of  chemistry  and  physics,  but,  in 
addition,  a  careful  examination  of  other  characters  which  are  pecu- 
liar to  them. 

These  peculiar  phenomena,  by  which  wo  so  readily  distinguish 
living  organisms  from  inanimate  substances,  are  called  Vital  pheno- 
mena, or  the  phenomena  of  Life,  Physiology  consequently  includes 
the  study  of  all  these  phenomena,  in  whatever  order  or  species  of 
organized  body  they  may  originate. 

We  find,  however,  upon  examination,  that  there  are  certain 
general  characters  by  which  the  vital  phenomena  of  vegetables  ' 
resemble  each  other,  and  by  which  they  are  distinguished  from  the 
vital  phenomena  of  animals.  Thus,  vegetables  absorb  carbonic 
acid,  and  exhale  oxygen ;  animals  absorb  oxygen,  and  exhale  car- 
bonic acid.  Vegetables  nourish  themselves  by  the  absorption  of 
unorganized  liquids  and  gases,  as  water,  ammonia,  saline  solutions, 
&c.;  animals  require  for  their  support  animal  or  vegetable  sub- 
stances as  food,  such  as  meat,  fruits,  milk,  &c.  Physiology,  then, 
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is  naturally  divided  into  two  parts,  viz.,  Vegetable  Pbysiology,  and 
Animal  Physiology. 

Again,  the  difterent  groups  and  species  of  animals,  while  they 
resemble  each  other  in  their  general  characters,  are  distinguished 
by  certain  minor  differences,  both  of  structure  and  function,  which 
require  a  special  study.  Thus,  the  physiology  of  fishes  is  not 
exactly  the  same  with  that  of  reptiles,  nor  the  physiology  of  birds 
with  that  of  quadrupeds.  Among  the  warm-blooded  quadrupeds, 
the  camivora  absorb  more  oxygen,  in  proportion  to  the  carbonic 
acid  exhaled,  than  the  herbivora.  Among  the  herbivorous  quad- 
rupeds, the  process  of  digestion  is  comparatively  simple  in  the 
horse,  while  it  is  complicated  in  the  ox,  and  other  ruminating  ani- 
mals. There  is,  therefore^  a  special  physiology  for  every  distinct 
species  of  animal. 

Human  Physiology  treats  of  the  vital  phenomena  of  the  human 
species.  It  is  more  practically  important  than  the  physiology  of 
the  lower  animals,  owing  to  its  connection  with  human  pathology 
and  therapeutics*  But  it  cannot  be  made  the  exclusive  subject  of 
our  study ;  for  the  special  physiology  of  the  human  body  cannot 
be  properly  underwood  without  a  previous  acquaiutance  with  the 
vital  phenomena  common  to  all  animals,  and  to  all  vegetablea; 
beside  which,  tliere  are  many  physiological  questions  that  require 
for  their  solution  experiments  and  observations,  which  can  only  be 
made  upon  the  lower  animals. 

While  the  following  treatise,  therefore,  has  for  its  principal  sub- 
ject the  study  of  Human  Physiology,  this  will  be  illustrated,  when- 
ever it  may  be  required,  by  what  we  know  in  regard  to  the  vital 
phenomena  of  vegetables  and  of  the  lower  animals. 


IT»  Since  Physiology  is  the  study  of  the  active  phenomena  of 

li\4ng  bodies,  it  requires  a  previous  acquaintance  with  their  struc 
ture,  and  with  the  substances  of  which  they  are  composed ;  that  is, 
with  their  anatomy. 

Anatomy,  again,  requires  a  previous  acquaintance  with  inorganic 
substances ;  since  some  of  these  inorganic  substances  enter  into  the 
composition  of  the  body.  Chloride  of  sodium,  for  example,  water, 
and  phosphate  of  lime,  are  component  parts  of  the  animal  frame, 
and  therefore  require  to  be  studied  as  such  by  the  anatomist. 
Now  these  inorganic  substances,  when  placed  under  the  requisite 
external  conditions,  present  certain  active  phenomena,  which  are 
characteristic  of  them,  and  by  which  they  may  be   recognized. 
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Thus  lime,  dissolved  in  water,  if  brought  into  contact  with  car* 
bonic  acid,  alters  its  condition,  and  takes  part  in  the  formation  of 
an  insoluble  substance,  carbonate  of  lime,  which  is  thrown  doi^Ti 

Ijta  a  deposit.  A  knowledge  of  such  chemical  reactions  as  these  is 
nec^saiy  to  the  anatomist,  since  it  is  by  them  thai  he  is  enabled  to 
recognize  the  inorganic  substances,  forming  a  part  of  the  animal 
body* 

It  is  important  to  observe,  however,  that  a  knowledge  of  these 
reactions  is  necessary  to  the  anatomist  only  in  order  to  enable  him 
to  judge  of  the  presence  or  absence  of  the  inorganic  substances  to 
which  they  belong.  It  is  the  object  of  the  anatomist  to  make  him- 
self acquainted  with  every  constituent  part  of  the  body.  Those 
parts,  therefore,  which  cannot  be  recognized  by  their  form  and 
texture,  he  distinguishes  by  their  chemical  reactions.     But  after- 

I  ward,  he  has  no  occasion  to  decompose  them  further,  or  to  make 
them  enter  into  new  combinations;  for  he  only  wishes  to  know 
these  substances  as  they  exist  in  the  body^  and  not  as  they  may  exist 
under  other  conditions. 

The  unorganized  substances  which  exist  in  the  body  as  compo- 
nent parts  of  its  structure,  such  as  chloride  of  sodium,  water,  phos- 
phate of  lime,  &c.,  are  called  the  proximate  principles  of  the  body. 
Mingled  together  in  certain  proportions,  they  make  up  the  animal 
fluids,  and  associated  also  in  a  solid  form,  they  constitute  the  tissue^:? 
and  organ.s,  and  in  this  way  make  up  the  entire  frame. 

Anatomy  makes  us  acquainted  with  all  these  component  parts  of 

[the  body^  both  solid  and  fluid.     It  teaches  us  the  structure  of  the 

[body  in  a  state  of  rest;  that  is,  just  as  it  would  be  afler  life  hat! 

!  suddenly  ceased,  and  before  putrefaction  had  begun.  On  the  other 
hand,  Physiology  is  a  description  of  the  body  in  a  state  of  activity. 
It  shows  us  its  movements,  its  growth,  its  reproduction,  and  the 
chemical  changes  which  go  on  in  its  interior;  and  in  order  to  com- 
prehend these,  we  must  know,  beforehand,  its  entire  mechanical, 
textural^  and  chemical  structure. 

It  is  evident,  therefore,  that  the  description  of  the  proximate  prin 
dphs,  or  the  chemical  substances  entering  into  the  constitution  of 
the  body,  is,  strictly  speaking,  a  part  of  Anatomy,     But  there  are 
many  reasons  why  this  study  is  more  conveniently  pursued  in  con- 
tion  with  Physiology;  for  some  of  the  proximate  principles  are 

'"derived  directly,  as  we  shall  hereafter  show,  from  the  external  world, 
and  some  are  formed  from  the  elements  of  the  food  in  the  process 
of  digestion ;  while  most  of  them  undergo  certain  changes  in  the 
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interior  of  the  body,  whicli  result  in  tho  formation  of  new  sub- 
stances; all  these  active  phenomena  belonging  necessarily  to  the 
domain  of  Physiology. 

The  description  of  the  proximate  principles  of  animals  and  vege- 
tables will  therefore  be  introduced  into  the  following  pages. 

The  description  of  the  rainnte  structures  of  the  body,  or  iffrra- 
acopffj  Anatomy,  is  also  so  closely  connected  with  some  parts  of  Phy- 
siology as  to  make  it  convenient  to  speak  of  them  together ;  aud 
this  will  accordingly  be  done,  whenever  the  nature  of  the  subject 
may  make  it  desirable. 


III.  The  study  of  Physiology,  like  that  of  all  the  other  natural 
sciences,  is  a  study  of  2Jtenommn,  and  of  phenomena  alone.  The 
essential  nature  of  the  vital  processes,  and  their  ultimate  causes, 
are  questions  which  are  beyond  the  reach  of  the  physiologist,  and 
cannot  be  determined  by  the  means  of  'investigation  which  are  at 
his  disposal. 

Consequently,  all  efforts  to  solve  them  will  only  serve  to  mislead 
the  investigator,  and  to  distract  his  attention  from  the  real  subject 
of  examination.  Much  time  has  been  lost,  for  example,  in  discuss^  ' 
ing  the  probable  reason  why  menstruation  returns,  in  the  human 
female,  at  the  end  of  every  four  weeks.  But  the  observation  of 
nature,  which  is  our  only  means  of  scientific  investigation,  cannot 
throw  any  light  on  this  point,  but  only  shows  us  the  fact  that  men- 
struation does  really  occur  at  the  above  periods,  together  with  the 
phenomena  which  accompaoy  it,  and  the  conditions  under  which  it 
is  hastened  or  retarded^  and  increased  or  diminisheci  in  intensity, 
duration,  &c*  If  we  employ  ourselves,  consequently,  in  the  discus- 
sion of  the  rmson  above  mentioned,  we  shall  only  become  involved 
in  a  network  of  hypothetical  surmises,  which  can  never  lead  to  any 
definite  result.  Our  time,  therefore,  will  be  much  more  profitably 
devoted  to  the  study  of  the  above  phenomena,  which  can  be  learned 
from  nature,  and  which  constitute  afterward,  a  permanent  acquisi- 
tion. 

The  physiologist,  accordingly,  confines  himself  strictly  to  the 
study  of  the  vital  phenomena,  their  characters,  their  frequency, 
their  regularity  or  irregularity,  and  the  conditions  under  which 
they  originate. 

When  he  has  discovered  that  a  certain  phenomenon  always  takes 
place  in  the  presence  of  certain  conditions,  he  has  established  what 
is  called  a  general  principle,  or  a  Law  of  Phj^siology. 
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for  example,  wheti  he  has  ascertained  that  sensation  and 
inotion  occupy  distinet  sitxiations  in  every  part  of  the  nervous 
igystem- 

This  **  Law/'  however,  it  must  be  remembered,  is  not  a  discovery 
by  itself,  nor  does  it  give  him  any  new  information,  but  is  simply 
the  expression,  in  convenient  and  comprehensive  language,  of  the 
(iicis  with  which  he  is  already  acquainted.  It  is  very  dangerous, 
therefore,  to  make  these  laws  or  general  principles  the  subjects  of 
our  study  instcaid  of  the  vital  phenomena,  or  to  suppose  that  they 
have  any  value,  except  as  the  expression  of  previously  ascertained 
facts.  Such  a  misconception  would  lead  to  bad  practical  results. 
For  if  we  were  to  observe  a  phenomenon  in  discordance  with  a 
"law^*  or  "principle/*  we  might  be  led  to  neglect  or  misinterpret 
the  phenomenon,  in  order  to  preserve  the  law.  But  this  would 
be  manifestly  incorrect.  For  the  law  is  not  superior  to  the  phe- 
nomenon, butv  on  the  contrary,  depends  upon  it,  and  derives  its 
whole  authority  from  it  Such  mistakes,  however,  have  been  re- 
eatedly  made  in  Phj^siology,  and  have  frequently  retarded  its 
^advance. 


IV.  There  is  only  one  means  by  which  Physiology  can  be 
[ :  that  is,  the  observation  of  nature.  Its  phenomena  cannot 
reasoned  out  by  themselves,  nor  inferred,  by  logical  sequence. 
from  any  original  principles,  nor  from  any  other  set  of  phenomena 
whatever. 

In  Mathematics  and  Philosophy,  on  the  other  hand,  certain  truths 
are  taken  for  granted,  or  perceived  by  intuition,  and  the  remainder 
afterward  derived  from  them  by  a  process  of  reasoning.  But  in 
Physiology,  as  in  all  the  other  natural  sciences,  there  is  no  such 
starting  point,  and  it  is  impossible  to  judge  of  the  character  of  a 
phenomenon  until  after  it  has  been  observed.  Thus,  the  only  way 
to  learn  what  action  is  exerted  by  nitric  acid  upon  carbonate  of 
soda  is  to  put  the  two  substances  together,  and  observe  the  changes 
which  take  place ;  and  all  our  knowledge  of  the  properties  of  these 
two  bodies  is  derived  from  this  and  similar  experiments. 

Neither  can  we  infer  the  truths  of  Physiology  from  those  of 
Lnatomy,  nor  the  truths  of  one  part  of  Physiology  from  those  of 
another  part ;  but  all  must  be  ascertained  directly  and  separately 
by  observation. 

For»  although  one  department  of  natural  science  is  almost  always 
a  necessary  preliminary  to  the  study  of  another,  yet  the  facts  of 
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the  latter  can  never  be  in  tfte  lecutt  degree  inferred  from  those  of  the 
f(yrmeT^  but  must  he  studied  hy  themselves^ 

Thus  Chemistry  is  essential  to  Anatomy,  because  certain  sub- 
atances»  as  we  have  already  bLowd,  belonging  to  Chemistry,  such 
as  chloride  of  sodium,  occur  as  constituents  of  the  animal  body. 
Chemistry  teaches  us  the  composition,  reactions,  mode  of  crystal- 
lization, solubility,  &c.,  of  chloride  of  sodium;  and  if  we  did  not 
know  these,  we  could  not  extract  it,  or  recognize  it  when  extracted 
from  the  body.  But,  however  well  we  might  know  the  chemistry 
of  this  substance,  we  could  never,  on  that  account,  infer  its  presence 
in  the  body  or  otherwise,  nor  in  what  quantities  nor  in  what  situa- 
tions it  would  present  itself.  These  facts  must  be  ascertained  for 
themselves,  by  direct  investigation,  as  a  part  of  anatomy  proper. 

So,  again,  the  structure  of  the  body  in  a  state  of  rest,  or  its 
anatomy,  is  to  be  first  understood ;  but  its  active  phenomena  or  its 
physiology  must  then  be  ascertained  by  direct  observation  and 
experiment.  The  most  intimate  knowledge  of  the  minute  struc- 
ture of  the  muscular  and  nervous  fibres  could  not  teach  us  any- 
thing of  their  physiology.  It  is  only  by  experiment  that  we 
ascertain  one  of  them  to  be  contractile,  the  other  sensitive. 

Many  of  the  phenomena  of  life  are  chemical  in  their  character, 
and  it  is  requisite,  therefore,  that  the  physiologist  know  the  ordi- 
nary chemical  properties  of  the  substances  composing  the  animal 
frame.  But  no  amount  of  previous  chemical  knowledge  will 
enable  him  to  foretell  the  reactions  of  any  chemical  substance  in 
the  interior  of  the  body;  because  the  peculiar  conditions  under 
which  it  is  there  placed  modify  these  reactions,  as  an  elevation  or 
depression  of  temperature,  or  other  external  circumstance,  might 
modify  them  outside  the  body. 

"We  must  not,  therefore,  attempt  to  deduce  the  chemical  phe- 
nomena of  physiology  from  any  previously  established  facts,  since 
these  are  no  safe  guide;  but  must  study  them  by  themselve-s,  and 
depend  for  our  knowledge  of  them  upon  direct  observation  alone. 


V.  By  the  term  Vital  phenomena^  we  mean  those  phenomena 
which  are  manifested  in  the  living  body,  and  which  are  character- 
istic of  its  functions. 

Some  of  these  phenomena  are  physical  or  mechanical  in  their 
character;  as,  for  example,  the  play  of  the  articulating  surfaces 
upon  each  other,  the  balancing  of  the  spinal  column  with  its  ap- 
pendages, the  action  of  the  elastic  ligaments.     Nevertheless,  these 
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pbeaomena,  though  strictly  physical  in  character,  are  often  entirely 
peculiar  and  different  from  those  seen  elsewhere,  because  the  me- 
chanism of  their  production  is  peculiar  ixi  its  details.  Thus  the 
human  voice  and  its  modulatiotis  are  produced  in  the  larynx,  in 
accordance  with  the  general  physical  laws  of  soaod;  but  the 
arrangement  of  the  elastic  and  movable  vocal  chords,  and  their 
relations  with  the  columns  of  air  above  and  below,  the  moist  and 
flexible  mucous  membrane,  and  the  contractile  muscles  outside,  are 
of  such  a  special  character  that  the  entire  apparatus,  as  well  as  the 
sounds  proiluced  by  it,  is  peculiar ;  and  its  action  cannot  be  properly 
compared  with  that  of  any  other  known  musical  instrument. 

In  the  same  manner,  the  movements  of  the  heart  are  so  compli- 
cated and  remarkable  that  they  cannot  be  comprehended,  even  by 
one  who  is  acquainted  with  the  anatomy  of  the  organ,  without  a 
direct  examination.  This  is  not  because  there  is  anything  essen- 
tially obscure  or  mysterious  in  their  nature,  for  they  are  purely 
mechanical  in  character;  but  because  their  conditions  are  so  pecu- 
liar, owing  to  the  tortuous  course  of  the  muscular  fibres,  their 
arrangement  in  interlacing  layers,  their  attachments  and  relations, 
that  their  combined  action  producer  an  effect  altogether  peculiar, 
and  one  which  is  not  similar  to  anjnhing  outside  the  living  body. 

A  very  large  and  important  class  of  the  vital  phenomena  are 
those  of  a  chemical  character.  It  is  one  of  the  characteristics  of 
Mying  bodies  that  a  succession  of  chemical  actions,  combinations 
aiid  decompositions,  is  constantly  going  on  in  their  interior.  It  is 
one  of  the  necessary  conditions  of  the  existence  of  eyery  animal 
and  every  vegetable,  that  it  should  constantly  absorb  various  sub- 
stances from  without,  w^hich  undergo  different  chemical  alterations 
in  its  interior,  and  are  finally  discharged  from  it  under  other  forms. 
If  these  changes  be  prevented  from  taking  place,  life  is  immediately 
extinguished.  Thus  animals  constantly  absorb,  on  the  one  hand, 
water,  oxygen,  salts,  albumen,  oil,  sugar,  &e,,  and  give  up,  on  the 
other  hand,  to  the  surrounding  media,  carbonic  acid,  water,  ammonia, 
urea,  and  the  like ;  while  between  these  two  extreme  points,  of  ab- 
sorption and  exhalation,  there  take  place  a  multitude  of  different 
transformations  which  are  essential  to  the  continuance  of  life. 

Some  of  these  chemical  actions  are  the  same  with  those  which 
are  seen  outside  the  body ;  but  most  of  them  are  entirely  peculiar, 
and  do  not  take  place,  and  cannot  be  made  to  take  place,  anywhere 
else*  This,  again,  is  not  because  there  is  anything  particularly 
mysterious  or  extraordinary  in  their  nature,  but  because  the  con- 
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ditions  necessary  for  their  accomplishment  exist  in  tte  body^  aiid 
do  not  exist  elsewhere.  All  chemical  phenomena  are  liable  to  be 
modified  by  surrounding  conditions.  Many  reactions,  for  example, 
which  will  take  place  at  a  high  temperature,  will  not  take  place  at 
a  low  temperature,  and  vice  versd.  Some  will  take  place  in  the  light, 
but  not  in  the  dark;  others  will  take  place  in  the  dark,  but  not  in 
the  light.  Because  a  chemical  reaction,  therefore,  takes  place  under 
one  set  of  conditions,  we  cannot  be  at  all  sure  that  it  will  take  place 
under  others,  which  are  different. 

The  chemical  conditions  of  the  living  body  are  exceedingly  com- 
plicated. In  the  animal  solids  and  fluids  there  are  many  substances 
mingled  together  in  varying  quantitief?,  which  modify  or  interfere 
with  each  other's  reactions.  New  substances  are  constantly  entering 
by  absorption,  and  old  ones  leaving  by  exhalation;  while  the  circu- 
lating fluids  are  constantly  passing  from  one  part  of  the  body  to 
another,  and  coming  in  contact  w*ith  different  organs  of  different 
texture  and  composition.  All  these  conditions  are  peculiar,  and  so 
modify  the  chemical  actions  taking  place  in  the  body,  that  they  are 
unlike  those  met  with  anywhere  else. 

If  starch  and  iodme  be  mingled  together  in  a  watery  solution, 
they  unite  with  each  other,  and  strike  a  deep  opaque  blue  color; 
but  if  they  be  mingled  in  the  blood,  no  such  reaction  takes  place, 
because  it  is  prevented  by  the  presence  of  certain  organic  substances 
which  interfere  with  it. 

If  dead  animal  matter  be  exposed  to  warmth,  air,  and  moisture, 
it  putrefies;  but  if  introduced  into  the  living  stomach,  this  process 
is  prevented,  because  the  fluids  of  the  stomach  cause  the  animal 
substance  to  undergo  a  peculiar  transformation  (digestion),  after 
which  the  bloodvessels  immediately  remove  it  by  absorption* 
There  are  also  oertaiti  substances  which  make  their  appearance  in 
the  living  body,  both  of  animals  and  vegetables,  and  which  cannot 
be  formed  elsewhere;  such  as  fibrin,  albumen,  casein, pneumic  acid, 
the  biliary  salts,  morphine,  &c.  These  substances  cannot  be  manu- 
factured artificially,  simply  because  the  necessary  conditions  cannot 
be  imitated.  They  require  for  their  production  the  presence  of  a 
living  organism. 

The  chemical  phenomena  of  the  living  body  are,  therefore,  not 
different  in  their  nature  from  any  other  chemical  phenomena ;  but 
they  are  different  in  their  conditions  and  in  their  results,  and  are 
consequently  peculiar  and  characteristic. 

Another  set  of  vital  phenomena  arc  those  w^hich  are  manifested 
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in  the  processes  of  reproduction  and  development.  They  are  again 
entirely  distinct  from  any  pbenomena  Avbich  are  exhibited  by 
matter  not  endowed  with  life.  An  inorganic  substance,  even  when 
it  lias  a  de&nite  form,  as,  for  example^  a  crystal  of  fluor  spar,  has 
no  particular  relation  to  any  similar  form  which  has  precedeii,  or 
any  other  which  is  to  follow  it.  On  the  other  hand,  every  animal 
and  every  vegetable  owes  its  origin  to  precediag  animals  or  vege- 
tables of  the  same  kind ;  and  the  manner  in  wliich  this  production 

^ takes  place,  and  the  difVerent  forms  through  which  the  new  body 
accessively  passes  in  tlie  course  of  its  development,  constitute  the 
phenomena  of  reproduction.    These  phenomena  are  mostly  depend- 

[ent  on  the  chemical  processes  of  nutrition  and  growth,  whicli  take 
place  in  a  particular  direction  and  in  a  particular  maimer ;  but  their 
T^ults^  viz.,  the  production  of  a  connected  series  of  different  forms 
constitute  a  separate  class  of  phenomena,  which  cannot  be  explained 
in  any  manner  by  the  preceding,  and  require,  therefore^  to  be  studied 
by  themselves. 

Another  set  of  vital  phenomena  are  those  which  belong  to  the 
nervous  S3"stera.  These,  like  the  processes  of  reproduction  and 
development^  depend  on  the  chemical  changes  of  nutrition  and 
growth.  That  is  to  gay»  if  the  nutritive  processes  did  not  go  on  in 
n  healthy  manner,  and  maintain  the  nervous  system  in  a  healthy 

^condition,  tlie  peculiar  phenomena  which  are  characteristic  of  it 
could  not  take  place.  The  nutritive  processes  are  necessary  condi- 
tions of  the  nervous  phenomena.  But  there  is  no  other  connection 
between  them;  and  the  nervous  phenomena  themselves  are  distinct 
from  all  others,  both  in  their  nature  and  in  the  mode  in  which  they 
are  to  be  studied. 

A  troublesome  confusion  might  arise  if  we  were  to  neglect  the 
distinction  which  really  exists  between  these  different  sets  of  phe- 
nomena^  and  confound  them  together  under  tlie  expectation  of 
thereby  simplifying  our  studies.  Since  this  can  only  be  done  by 
overlooking  real  points  of  difference,  its  effect  will  merely  be  to 
introduce  erroneous  ideas  and  suggest  unfounded  similarities,  and 
will  therefore  inevitably  retard  our  progress  instead  of  advancing  it 
It  has  been  sometimes  maintained,  for  example,  that  all  the  vital 
phenomena,  those  of  the  nervous  system  includerl,  are  to  be  reduced 
the  chemical  changes  of  nutrition,  and  that  these  again  are  to  be 
led  as  not  different  in  any  respect  from  the  ordinary  chemical 
changes  taking  place  outside  the  body*  This,  however,  is  not  only 
erroneous  in  theory,  but  conduces  also  to  a  vicious  mode  of  study 
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For  it  draws  away  our  attentioD  from  the  phenomena  themselves 
and  their  real  characteristics,  and  leads  us  to  deduce  one  set  of  phe- 
nomena from  what  we  know  of  another ;  a  method  which  we  have 
already  shown  to  be  unsafe  and  pernicious. 

It  has  also  been  asserted  that  the  phenomena  of  the  nervous 
system  are  identical  with  those  of  eleetrit'ity ;  for  no  other  reason 
than  that  there  exist  between  them  certain  general  resemblances. 
But  when  we  examine  the  phenomena  in  detail,  we  find  that,  beside 
these  general  resemblances,  there  are  many  essential  points  of  dis- 
similarity, which  must  be  suppressed  and  kept  out  of  sight  in  order 
to  sustain  the  idea  of  the  assumed  identity-  This  assumption  is 
consequently  a  forced  and  unnatural  one,  and  the  simplicity  which 
it  w*as  intended  to  introduce  into  our  physiological  theories  is 
imaginary  and  deceptive,  and  is  attained  only  by  sacrificing  a  part 
of  those  scientific  truths,  which  are  alone  the  real  object  of  our 
study.  We  should  avoids  therefore,  making  any  such  unfounded 
comparisons ;  for  the  theoretical  simplicity  which  results  from  them 
does  not  compensate  for  the  loss  of  essential  scientific  details. 


VI.  The  study  of  Physiology  is  naturally  divided  into  three  dis- 
tinct Sections : — 

The  first  of  these  includes  everything  which  relates  to  the  Nutri- 
tion of  the  body  in  its  widest  sense.  It  comprises  the  history  of 
the  proximate  principles,  their  source^  the  manner  of  their  produc- 
tion, the  proportions  in  which  they  exist  in  different  kinds  of  food 
and  drink,  the  processes  of  digestion  and  absorption,  and  the  con- 
stitution of  the  circulating  fluids;  then  the  physical  pheuoraena  of 
the  circulation  and  the  forces  by  which  it  is  accomplished;  the 
changes  which  the  blood  undergoes  in  different  parts  of  the  body; 
all  the  phenomena,  both  physical  and  chemical,  of  respiration ;  those 
of  secretion  and  excretion,  and  the  character  and  destination  of  the 
secreted  and  excreted  fluid:*.  All  these  processes  have  refereoce  to 
a  common  object,  viz.,  the  preservation  of  the  internal  structure  and 
healthy  organization  of  the  individual.  With  certain  modifications* 
ibey  take  place  in  vegetables  as  well  as  in  animals,  and  are  conse- 
quently known  by  the  name  of  the  vegetative  fuyi^ioTis, 

The  Second  Section,  in  the  natural  order  of  study,  is  devoted  to 
the  phenomena  of  the  Nervous  System.  These  phenomena  ars 
not  exhibited  by  vegetables,  but  belong  exclusively  to  animal  or- 
ganizations. They  bring  the  animal  body  into  relation  with  the 
external  world,  and  preserve  it  from  external  dangers,  by  means  of 
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sensation,  movement,  consciousness,  and  volition.    They  are  more 
particularly  distinguished  by  the  name  of  the  animal  functions. 

Lastly  comes  the  study  of  the  entire  process  of  Eeproduction. 
Its  phenomena,  again,  with  certain  modifications,  are  met  with  in 
both  animals  and  vegetables ;  and  might,  therefore,  with  some  pro- 
priety, be  included  under  the  head  of  vegetative  functions.  But 
their  distinguishing  peculiarity  is,  that  they  have  for  their  object 
the  production  of  new  organisms,  which  take  the  place  of  the  old 
and  remain  after  they  have  disappeared.  These  phenomena  do 
not,  therefore,  relate  to  the  preservation  of  the  individual,  but  to 
that  of  the  species;  and  any  study  which  concerns  the  species 
comes  properly  after  we  have  finished  everything  relating  to  the 
individual. 


SECTION  I. 

NUTRITION- 


CHAPTER   I. 

PROXIMATE   PRINCIPLES   IN    GENERAL. 

The  study  of  Nutrition  begins  naturally  with  that  of  the  proxi- 
mate principlesy  or  the  substances  entering  into  the  composition  of 
the  different  parts  of  the  body,  and  the  different  kinds  of  food.  In 
examining  the  body,  the  anatomist  finds  that  it  is  composed,  first, 
of  various  parts,  which  are  easily  recognized  by  the  eye,  and  which 
occupy  distinct  situations.  In  the  case  of  the  human  body,  for 
example,  a  division  is  easily  made  of  the  entire  frame  into  the 
head,  neck,  trunk,  and  extremities.  Each  of  these  regions,  again, 
is  found,  on  examination,  to  contain  several  distinct  parts,  or 
"organs,"  which  require  to  be  separated  from  each  other  by  dissec- 
tion, and  which  are  distinguished  by  their  form,  color,  texture,  and 
consistency.  In  a  single  limb,  for  example,  every  bone  and  every 
muscle  constitutes  a  distinct  organ.  In  the  trunk,  we  have  the 
heart,  the  lungs,  the  liver,  spleen,  kidneys,  spinal  cord,  &c.,  each  of 
which  is  also  a  distinct  organ.  When  a  number  of  organs,  differing 
in  size  and  form,  but  similar  in  texture,  are  found  scattered  through- 
out the  entire  frame,  or  a  large  portion  of  it,  they  form  a  connected 
set  or  order  of  parts,  which  is  called  a  "system."  Thus,  all  the 
muscles  taken  together  constitute  the  muscular  system;  all  the 
bones,  the  osseous  system;  all  the  arteries,  the  arterial  system. 
Several  entirely  different  organs  may  also  be  connected  with  each 
other,  so  that  their  associated  actions  tend  to  accomplish  a  single 
object,  and  they  then  form  an  "apparatus."  Thus  the  heart,  arte- 
ries, capillaries,  and  veins,  together,  form  the  circulatory  apparatus; 
the  stomach,  liver,  pancreas,  intestine,  &c.,  the  digestive  apparatus. 
Every  organ,  again,  on  microscopic  examination,  is  seen  to  be  made 
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up  of  raimite  bodies,  of  definite  size  and  figure,  wliicli  are  so  small 
as  to  be  invisible  to  tbe  naked  eye,  and  which,  after  separation 
from  each  other,  cannot  be  further  sabdivided  withont  destroying 
their  organization.  They  are,  therefore^  called  "anatomical  ele- 
ments.*' Tlius,  in  the  liver,  there  are  hepatic  cells,  capillary  blood- 
vessels, the  fibres  of  Gliason's  capsule,  and  the  ultimate  filaments 
of  the  hepatic  nerves.  Lastly,  two  or  more  kinds  of  anatomical 
elements,  interwoven  with  each  otlier  in  a  particular  manner,  form 
a  '*  tissue.'*  Adipose  vesicles,  with  aipillaries  and  nerve  tubes, 
form  adipose  tissue.  White  fibres  and  elastic  fibres,  %vith  capillaries 
and  nerve  tubes,  form  areolar  tissue*  Thus  the  solid  parts  of  the 
entire  body  are  made  up  of  anatomical  elements,  tissues,  organs, 
iiystems,  and  apparatuses.  Every  organized  frame,  and  even  every 
apparatus,  every  organ,  and  every  tissue,  is  made  up  of  different 
partfli,  variously  interwoven  and  connected  with  each  other,  and  it 
is  this  character  which  constitutes  its  erganimlum. 

But  beside  the  above  solid  forms,  there  are  also  certain  fluids, 
which  are  constantly  present  in  various  parts  of  the  body,  and  whioh, 
from  their  peculiar  constitution,  are  termed  "  animal  fluids."  These 
fluids  are  just  as  much  an  essential  part  of  the  body  as  the  solids. 
The  blood  and  the  lymph,  for  example,  the  pericardial  and  synovial 
fluids,  the  saliva,  which  always  exists  more  or  less  abundantly  in 
llie  ducts  of  the  parotid  gland,  the  bile  in  the  biliary  ducts  and  the 
gall-bladder :  all  these  go  to  make  up  the  entire  body,  and  are  quite 
as  necessary  to  its  structure  as  the  muscles  or  the  nerves.  Now*  if 
these  fluids  be  examined,  they  are  found  to  be  made  up  of  many 
different  substances,  whicb  are  mingled  together  in  certain  propor- 
tions; these  proportions  being  constantly  maintained  at  or  about 
the  same  standard  by  the  natural  processes  of  nutrition.  Such  a 
fluid  is  termed  an  organized  fluid  It  is  organized  by  virtue  of  the 
numerous  ingredients  which  enter  into  its  composition,  and  the 
regular  proportions  in  which  these  ingredients  are  maintained. 
Thus  in  the  phisma  of  the  bkx^d,  we  bave  albumen,  fibrin,  water, 
chlorides,  carbonates,  phosphates,  &c.  In  the  urine,  we  find  water, 
urea,  urate  of  soda,  creatine,  creatinine,  coloring  matter,  salts,  &c. 
These  substances,  which  are  mingled  together  so  as  to  make  up,  in 
each  instance,  by  their  intimate  union,  a  homogeneous  liquid,  are 
called  the  proximate  principles  of  the  animal  fluid. 

In  the  solids,  furthermore,  even  in  those  parts  which  are  appa- 
rently homogeneous,  there  is  the  same  mixture  of  different  ingro- 
dients.     In  the  hard  substance  of  bone,  for  example,  there  is,  first 


PBOXIMATE    PRINCIPLK8   IN    GENERAL, 


47 


water,  whicb  may  be  expelled  by  evaporation ;  second,  phosphate 
and  carbonate  of  lime,  which  may  be  extracted  by  the  proper  sol- 
vents ;  third,  a  peculiar  animal  matter,  with  which  these  calcareous 
salts  are  in  union ;  and  fourth,  various  other  saline  substances,  in 
special  proportions.  In  the  muscular  tissue,  there  is  chloride  of 
potassium,  lactic  acid,  water,  salts,  albumen,  and  an  animal  matter 
termed  musculine.  The  difterence  in  consistency  between  the  solids 
and  fluids  does  not,  therefore,  indicate  any  radical  difference  in  their 

I  constitution.     Both  are  e<iually  made  up  of  proximate  principles, 

^mingled  together  in  various  proportions. 

It  18  important  to  understand,  however,  exactly  what  are  proxi- 
mate principles,  and  w^hat  are  not  such  ;  for  since  these  principles 
are  extracted  from  the  animal  solids  and  fluids,  and  separated  from 
each  other  by  the  help  of  certain  chemical  manipulations,  such  as 
evaporation,  solution,  crystallization,  and  the  like,  it  might  be  sup- 
posed that  every  substance  which  could  be  extracted  from  an  organ- 
ized solid  or  fluid,  by  chemical  means,  should  be  considered  as  a 
proximate  principle,  Tliat,  however,  is  not  the  case.  A  proximate 
principle  is  properly  defined  to  be  ayiy  substatice,  whether  simple  or 

>compou7tdf  chrjiiicaUy  ,'^peaktng,  which  exists,  umler  its  ownform^  in  thf- 
amjfial  solid  or  fluid,  and  which  can  be  extracted  by  means  which  do 
not  alter  or  destroy  its  chemical  properties.  Phosphate  of  lime,  for 
example,  is  a  proximate  principle  of  bone,  but  phosphoric  acidis 
aoi  so,  since  it  does  not  exist  as  such  in  the  bony  tissue,  but  is 
produced  only  by  the  decomposition  of  the  calcareous  salt;  still 
less  phosphorus,  which  is  obtained  only  by  the  decomposition  of 
the  phosphoric  acid. 

Proximate  principles  may,  in  fact,  be  said  to  exist  in  all  solids  or 
fluids  of  mixed  composition,  and  may  be  extracted  from  them  by 
the  same  means  as  in  the  case  of  the  animal  tissues  or  secretions. 
Thus,  in  a  watery  solution  of  sugar,  we  have  two  proximate  prin- 
ciples, viz :  first,  the  w^ater,  and  second,  the  sugar.  The  water  may 
be  separated  by  evaporation  and  condensation,  after  which  the 
sugar  remains  behind,  in  a  crystalline  form.     These  two  substances 

lluive»  therefore,  been  simply  separated  from  eacli  other  by  the  pro- 

*ce«a  of  evaporation.  They  have  not  been  decomposed,  nor  their 
chemical  properties  altered.  On  the  other  hand,  the  oxygen  and 
hydrogen  of  the  water  were  not  proximate  principles  of  the  original 
solution,  and  did  not  exist  in  it  under  their  own  forms,  but  only  in 

f^  slate  of  combination ;  forming,  in  this  condition,  a  fluid  substance 
(water),  endowed  with  sensible  properties  entirely  difierent  fron^ 
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theirs*  If  we  wish  to  ascertain,  accordingly,  the  nature  and  proper- 
ties of  a  saccharine  solution,  it  will  aflbrd  us  but  little  satisfaction  to 
extract  its  ultimate  chemical  elements;  for  its  nature  and  properties 
depend  not  so  much  on  the  presence  in  it  of  the  ultimate  elements, 
oxygen,  hydrogen,  and  carbon,  as  on  the  particular  forms  of  com- 
bination,  viz.^  water  and  sugar,  under  Avhich  they  are  present. 

It  is  very  essential,  therefore,  that  in  extracting  the  proximate 
principles  from  the  animal  body,  only  such  means  should  be  adopted 
as  will  isolate  the  substances  already  existing  in  the  tissues  and 
fluids,  without  decomposing  them,  or  altering  their  nature.  A 
neglect  of  this  rule  has  been  productive  of  much  injury  in  the  pur- 
fiuit  of  organic  chemistry ;  for  chemists,  in  subjecling  the  animal 
tissues  to  the  action  of  acids  and  alkalies,  of  prolonged  boiling,  or 
of  too  intense  heat^  have  often  obtained,  at  the  end  of  the  analysis, 
many  substances  which  were  erroneously  described  as  proximate 
principles,  while  they  were  only  the  remains  of  an  altered  and  dis- 
organized material.  Thus,  the  fibrous  tissues,  if  boiled  steadily  for 
thirty-six  honrs,  dissolve,  for  the  most  part,  at  the  end  of  that  time, 
in  the  boiling  water;  and  on  cooling  the  whole  solution  solidifies 
into  a  homogeneous,  jelly-like  substance,  which  has  received  the 
name  of  gelatine.  But  this  gelatine  does  not  really  exist  in  the  body 
as  a  proximate  principle,  since  the  fibrous  tissue  which  produces  it 
is  not  at  fir^t  soluble,  even  in  boiling  water,  and  its  ingredients 
become  altered  and  converted  into  a  gelatinous  matter  only  by  pro- 
longed ebullition.  So,  again,  an  animal  substance  containing  ace- 
tates or  lactates  of  soda  or  lime  will  upon  incineration  in  the  air, 
yield  carbonates  of  the  same  bases,  the  organic  acid  having  been 
destroyed,  and  replaced  by  carbonic  acid ;  or  sulphur  and  phospho- 
rus, in  the  animal  tissue,  may  be  converted  by  the  same  means  into 
sulphuric  and  phosphoric  acids,  which,  decomposing  the  alkaline 
carbonates,  become  sulphates  and  phosphates.  In  either  case,  the 
analysis  of  the  tissues,  so  conducted,  will  be  a  deceptive  one,  and 
useless  for  all  anatomical  and  physiological  purposes,  because  its 
r6al  ingredients  have  been  decomposed,  and  replaced  by  othersy  in 
the  process  of  manipulation. 

It  is  in  this  way  that  diflerent  chemists,  operating  upon  the  same 
animal  solid  or  fluid,  by  following  different  plans  of  analysis,  have 
obtained  different  results;  enumerating  as  ingredients  of  the  body 
many  artificially  formed  substances,  which  are  not,  in  reality, 
proximate  principles,  thereby  introducing  much  confusion  into 
physiological  chemistry. 
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It  is  to  be  kept  constantly  in  ^*iew,  in  the  examination  of  an 
animal  tissue  or  fluid,  tliat  the  object  of  the  operation  is  simply  the 
stjtaration  of  its  inijfredient^from  etich  otherf  and  not  their  decomposi- 
tion or  ultimate  analysis.  Only  the  simplest  Forms  of  chemical 
manipulation  should,  therefore,  be  employed.  The  substance  to 
be  examined  should  first  be  subjected  to  evaporation,  in  order  to 
extract  and  estimate  its  water.  This  evaporation  mui^t  be  conducted 
Bt  a  heat  not  above  212°  F,.  since  a  higher  temperature  would  de- 
stroy or  alter  some  of  the  animal  ingredients.  Then,  from  the 
dried  residue,  chloride  of  sodium,  alkaline  sulphates,  carbonates, 
and  phosphates  may  be  extracted  with  water.  Coloring  matters 
may  be  separated  by  alcohoh  *  Oils  may  be  dissolved  out  by  ether, 
&c.  ic.  When  a  chemical  decomposition  is  unavoidable,  it  must 
be  kept  in  sight  and  afterward  corrected.  Thus  the  glyko  cholate 
of  soda  of  the  bile  is  separated  from  certain  other  ingredients  by 
pre^'ipitating  it  with  acetate  of  lead,  forming  glyko-cholate  of  lead; 
but  this  is  afterward  decomposed,  in  its  turn,  by  carbonate  of  soda, 
reproducing  the  original  glyko-cholate  of  soda.  Sometimes  it  is 
impossible  to  extract  a  proximate  principle  in  an  entirely  unaltered 
form.  Thus  the  fibrin  of  the  blood  can  be  separated  only  by  allow- 
ing it  to  coagulate ;  and  once  coagulated,  it  is  permanently  altered, 
and  can  no  longer  present  all  its  original  characters  of  fluidity,  &c., 
as  it  existed  beforehand  in  the  blood.  In  such  instances  as  this, 
we  can  only  make  allowance  for  an  unavoidable  difficulty,  and  be 
careful  that  the  substance  sufters  no  further  alteration.  By  bearing 
in  mind  the  above  considerations,  we  may  form  a  tolerably  correct 
estimate  of  the  nature  and  quantity  of  all  of  the  proximate  princi- 
ples existing  in  the  substance  under  examination. 

The  manner  in  which  the  proximate  principles  are  associated 
together,  so  as  to  form  the  animal  tissues,  is  deserving  of  notice. 
In  every  animal  solid  and  fluid,  there  is  a  considerable  number  of 
proximate  i>rinciples,  which  are  present  in  certain  proportions,  and 
which  are  so  united  with  each  other  that  the  mixture  presents  a 
homogeneous  appearance.  But  this  union  is  of  a  complicated  cha- 
racter; and  the  presence  of  each  ingredient  depends,  to  a  certain 
extent,  upon  that  of  the  others.  Some  of  them,  such  as  the  alkaline 
^tarbanates  and  phosphates,  are  in  solution  directly  in  the  water. 
Some,  which  are  insoluble  in  water,  are  held  in  solution  by  the 
presence  of  other  soluble  substances.  Thus,  phosphate  of  lime  is 
held  in  solution  in  the  urine  by  the  bi*phosphate  of  soda.  In  the 
blood,  it  is  dissolved  by  the  albumen,  which  is  itself  fluid  by  union 
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with  the  water.  The  same  substance  may  be  fluid  in  one  part  of 
the  body,  and  solid  in  another  part  Thus  in  the  blowl  and  secre- 
tions the  water  is  fluid,  and  holda  in  solution  other  substances^ 
both  animal  and  mineral,  while  in  tlie  bones  and  cartilages  it 
is  solid  —  not  crystallized,  as  in  ice,  but  amorphous  and  solid^ 
by  the  fact  of  its  intimate  union  with  the  animal  and  saline 
ingredients,  which  are  abundant  in  quantity,  and  which  are 
themselves  present  in  the  solid  form.  Again,  the  phosphate 
of  lime  in  the  blood  is  fluid  by  solution  in  the  albumen; 
but  in  the  bones  it  forms  a  solid  substance  wdth  the  animal 
matter  of  the  osseous  tissue;  and  yet  the  union  of  the  two 
is  as  intimate  and  homogeneous  in  the  bones  as  in  the 
blood.  A  proximate  principle,  therefore,  never  exists  alone  iu 
any  part  of  the  body,  but  is  always  intimately  associated  with 
a  number  of  others,  by  a  kind  of  homogeneous  mixture  or  solu- 
tion* 

Every  animal  tissue  and  fluid  contains  a  number  of  proximate 
principles  which  are  present,  as  we  have  already  mentioned,  in 
certain  characteristic  proportions.  Thus,  water  is  present  in  very 
large  quantity  in  the  perspiration  and  the  saliva,  but  in  very  small 
quantity  in  the  bones  and  teeth.  Chloride  of  sodium  is  compara- 
tively abundant  in  the  blood  and  deficient  in  the  muscles.  On  the 
other  hand,  chloride  of  pc»tassium  is  more  abundant  in  the  muscles, 
less  so  in  the  blood.  But  these  proportions^  it  is  important  to  ob- 
serve, are  nowhere  absolute  or  invariable.  There  is  a  great  difler- 
ence,  in  this  respect,  between  the  chemical  composition  of  an  inor- 
ganic substance  and  the  anatomical  constitution  of  an  animal  fluid. 
The  former  is  always  constant  and  definite;  the  latter  is  always 
subject  to  certain  variations.  Thus,  water  is  always  composed  of 
exactly  the  same  relative  quantities  of  oxygen  and  hydrogen ;  and 
if  these  proportions  be  altered  in  the  least,  it  thereby  ceases  to  be 
water,  and  is  converted  into  some  other  substance.  But  in  the 
urine,  the  proportions  of  water,  urea,  urate  of  soda,  phosphates, 
&o,,  vary  within  certain  limits  in  different  individuals,  and  even  in 
the  same  individual,  from  one  hour  to  another*  This  variation, 
which  is  almost  constantly  taking  place,  within  the  limits  of  health, 
is  characteristic  of  all  the  animal  solids  and  fluids;  for  they  are 
composed  of  diflferent  ingredients  which  are  supplied  by  absorption 
or  formed  in  the  interior,  and  which  are  constantly  given  up  again, 
under  the  same  or  difterent  forms,  to  the  surrounding  media  by  tho 
unceasing  activity  of  the  vital  processes.    Every  variation,  then, 
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in  the  general  condition  of  the  body,  as  a  whole,  is  accompanied  by 
a  corresponding  variation,  more  or  less  pronounced,  in  the  consti- 
tutioo  of  its  different  parts.  This  constitution  is  consequently  of 
a  very  different  character  from  the  chemical  constitution  of  an 
oxide  or  a  salt.  Whenever,  therefore,  we  meet  with  the  anal- 
ysis of  an  animal  fluid,  in  which  the  relative  quantity  of  its 
difterent  ingredients  is  expressed  in  numbers,  we  must  under- 
stand that  such  an  analysis  is  always  approximative,  and  not  ab* 
solute.  V 

The  proximate  principles  are  naturaUy  divided  into  three  differ* 
ent  classes. 

The  first  of  these  classes  comprises  all  the  proximate  principles 
which  are  purely  inorganic  in  their  nature.  These  principles  are 
derived  mostly  from  the  exterior.  They  are  found  everywhere,  in 
unorganized  as  well  as  in  organized  bodies ;  and  they  present  them- 
selves under  the  same  forma  and  with  the  same  properties  in  the 
interior  of  the  animal  frame  as  elsewhere.  They  are  crystallizable, 
and  have  a  definite  chemical  composition.  They  comprise  such 
substances  as  water,  chloride  of  sodium,  carbonate  and  phosphate 
of  lime,  &c. 

The  second  class  of  proximate  principles  is  known  as  crystal- 
UZABLE  SUBSTANCES  OF  ORGANIC  ORIGIN.  This  is  the  name  given 
to  them  by  Robin  and  Verdeil,*  whose  classification  of  the  proxi* 
mate  principles  is  the  best  which  has  yet  been  offered.  They  are 
cry  stall  izable,  as  their  name  indicates,  and  have  a  definite  chemical 
composition.  They  are  said  to  be  of  **  organic  origin,"  because  they 
first  make  their  appearance  in  the  interior  of  organized  bodies,  and 
are  nut  found  in  external  nature  as  the  ingredients  of  inorganic 
substances.    Such  are  the  different  kinds  of  sugar,  starch,  and  oO. 

The  third  class  comprises  a  very  extensive  and  important  order 
of  proximate  principles,  which  go  by  the  name  of  the  Organic 
Substances  proper.  They  are  sometimes  known  as  "  albuminoid^* 
substiinces  or  **  protein  compounds."  The  name  organic  substances 
is  given  to  them  in  consequence  of  the  striking  difference  which 
exists  between  them  and  all  the  other  ingredients  of  the  body.  The 
substances  of  the  second  class  differ  from  those  of  the  first  by  their 

*  Chlmie  Auatomiquo  et  Fbj8iologi<iue.     Pnns,  1853* 
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exclusively  organic  origin,  but  they  resemble  the  latter  in  their  crys- 
tallizability  and  their  definite  chemical  composition ;  in  consequence 
of  which  their  chemical  investigation  may  be  pursued  in  nearly 
the  same  manner,  and  their  chemical  changes  expressed  in  nearly 
the  same  terms.  But  the  proximate  principles  of  the  third  class 
are  in  every  respect  peculiar.  They  have  an  exclusively  organic 
origin ;  not  being  found  except  as  ingredients  of  living  or  recently 
dead  animals  or  vegetables.  They  have  not  a  definite  chemical 
composition,  and  are  not  crystallizable;'and  the  forms  which  they 
present,  and  the  chemical  changes  which  they  undergo  in  the 
body,  are  such  as  cannot  be  expressed  by  ordinary  chemical  phrase- 
ology. This  class  includes  such  substances  as  albumen,  fibrin, 
casein,  &c. 
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CHAPTER    II. 

PROXIMATE    PRINCIPLES    OF   THE    FIRST    CLASS. 

The  proximate  principles  of  the  first  class,  or  those  of  an  inor- 
ganic nature,  are  very  numerous.  Their  most  prominent  characters 
have  already  been  stated.  They  are  all  crystallizable,  and  have  a 
definite  chemical  composition.  They  are  met  with  extensively  in 
the  inorganic  world,  and  form  a  large  part  of  the  crust  of  the  earth. 
They  occur  abundantly  in  the  diflerent  kinds  of  food  and  drink ; 
and  are  necessary  ingredients  of  the  food,  since  they  are  necessary 
ingredients  of  the  animal  frame.  Some  of  them  are  found  universally 
in  all  parts  of  the  body,  others  are  met  with  only  in  particular 
regions ;  but  there  are  hardly  any  which  are  not  present  at  the 
same  time  in  more  than  one  animal  solid  or  fluid.  The  following 
are  the  most  prominent  of  them,  arranged  in  the  order  of  their 
respective  importance. 

1.  Water. — Water  is  universally  present  in  all  the  tissues  and 
fluids  of  the  body.  It  is  abundant  in  the  blood  and  secretions, 
where  its  presence  is  indispensable  in  order  to  give  them  the  fluidity 
which  is  necessary  to  the  performance  of  their  functions ;  for  it 
is  by  the  blood  and  secretions  that  new  substances  are  introduced 
into  the  body,  and  old  ingredients  discharged.  And  it  is  a  neces- 
sary condition  both  of  the  introduction  and  discharge  of  substances 
naturally  solid,  that  they  assume,  for  the  time  being,  a  fluid  form ; 
water  is  therefore  an  essential  ingredient  of  the  fluidsr  for  it  holds 
their  solid  materials  in  solution,  and  enables  them  to  pass  and  repass 
through  the  animal  frame. 

But  water  is  an  ingredient  also  of  the  solids.  For  if  we  take  a 
muscle  or  a  cartilage,  and  expose  it  to  a  gentle  heat  in  dry  air,  it 
loses  water  by  evaporation,  diminishes  in  size  and  weight,  and  be- 
comes dense  and  stiffi  Even  the  bones  and  teeth  lose  water  by 
evaporation  in  this  way,  though  in  smaller  quantity.  In  all  these 
solid  and  semi-solid  tissues^  the  water  which  they  contain  is  useful 
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by  giving  them  the  special  consistency  which  is  characteristic  of 
thenij  and  which  would  be  lost  without  it.  Thus  a  tendon,  in  its 
natural  condition^  is  white,  glistening,  and  opaque ;  and  though  very 
strong,  perfectly  flexible.  If  its  water  be  expelled  by  evaporation 
it  becomes  yellowish  in  color,  shrivelled,  semi4ransparent,  inflexi- 
blcj  and  totally  unfit  for  performing  its  mechanical  functions.  The 
same  thing  is  true  of  the  skin,  muscles,  cartilages,  &c. 

The  following  is  a  list,  compiled  by  Robin  and  Verdeil  from 
various  observers,  showing  tlic  proportion  of  water  per  thousand 
parts,  in  diflerent  solids  and  fluids; — 

QnAWTITT  OF  WaTKR  IK  1,000  PABTS  I!l  

Epidermis  ,  .  31  Bile  . 

T«<jlh        .  .  ,  .     liHi  Milk 

Bones  .  .130  Pa nerentic  Juice 

CflrtUage  .  -  .  ,550  Urint 

MuH«l*?a    .  .  .  ,     750  Ljrmph 

Liga.ments  .  ,  ,     7t>S  Gaairlu  \mv& 

BrAin        .  .  ,  .789  P«?rspiratiuii 

Blood       ,  .  .  .795  BaliTa 

Sjnovfal  fluid  .  .  .     805 

According  to  the  best  calculations,  water  conatitutes,  in  the 
human  subject,  between  two- thirds  and  three-quarters  of  the  entire 
weight  of  the  bcnly. 

The  water  which  thus  forms  a  part  of  the  animal  frame  is  derived 
from  without.  It  is  taken  in  the  difterent  kinds  of  driuk,  and  also 
forms  an  abundant  ing-redient  in  the  various  articles  of  food.  For 
no  articles  of  food  are  taken  in  an  absolutely  dry  state^  but  all 
contain  a  larger  or  smaller  quantity  of  water,  which  may  readily 
be  expelled  by  evaporation.  The  quantity  of  water,  therefore, 
which  is  daily  taken  into  the  system,  cannot  be  ascertained  in  any 
case  by  simply  measuring  the  quantity  of  drink^  but  it^  proportion 
in  the  solid  food,  taken  at  the  same  time,  must  also  be  determined 
by  exi>eriment,  and  tbis  ascertained  quantity  added  to  that  which 
is  taken  in  with  the  fluids.  By  measuring  the  quantity  of  fluid 
taken  with  the  drink,  and  calculating  in  addition  the  proportion 
existing  in  the  solid  food,  we  have  found  that,  for  a  healthy  adult 
man,  the  ordinary  quantity  of  water  introduced  per  day,  is  a  little 
over  4 J  pounds. 

After  forming  part  of  the  animal  solids  and  fluids,  and  taking 
part  in  the  various  physical  and  chemical  pi-oces^es  of  the  btxly,  the 
water  is  again  discharged;  for  its  presence  in  the  body,  like  that 
of  all  the  other  proximate  principles,  is  not  permanent,  but  only 
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temporary.  After  being  taken  in  with  the  food  and  drink,  it  is 
associated  with  other  principles  in  the  fluids  and  solids»  passing 
from  the  intestine  to  the  blo<:»d,  and  from  the  blood  to  the  tii^sucs 
and  secretiona.  It  afterward  makes  its  exit  from  the  body,  from 
which  it  is  discharged  by  four  different  passages,  viz.,  in  a  liquid 
form  with  the  urine  and  the  feces,  and  in  a  gaseous  form  with  the 
breath  and  the  perspiration.  Of  all  the  water  which  is  expelled  in 
this  way^  about  48  per  cent  is  discharged  with  the  urine  and  feces/ 
and  about  62  per  cent,  by  the  lungs  and  skin*  The  researches  of 
Lavoisier  and  Segnin,  Valentin,  and  others,  show  that  from  a  pound 
and  a  half  to  two  pounds  is  discharged  daily  by  the  skin,  a  little 
over  one  pound  by  exhalation  from  the  lungs,  and  a  little  over  two 
pounds  by  the  urine.  Both  the  absolute  and  relative  amount  dis» 
charged*  both  in  a  liquid  and  gaseous  form,  varies  according  to 
circumstances.  There  is  particularly  a  compensating  action  in  this 
respect  between  the  kidneys  and  the  skin»  so  that  when  the  cutane- 
•  ous  perspiration  is  very  abundant  the  urine  is  less  so,  and  vice  versd. 
The  quantity  of  water  exhaled  from  the  lungs  varies  also  with  the 
Btate  of  the  pulmonary  circulation,  and  with  the  temperature  and 
dryness  of  the  atmosphere.  The  water  is  not  discharged  at  any 
time  in  a  state  of  purity,  but  is  mingled  in  the  urine  and  feces  with 
saline  substances  which  it  holds  in  solution,  and  in  tlie  cutiineous 
and  pulmonary  exhalations  with  animal  vapors  and  odoriferous 
substances  of  various  kinds.  In  the  perspiration  it  is  also  mingled 
with  saline  substances,  which  it  leaves  behind  on  evaporation. 

2t  Chloride  of  Sodiltm. — This  substance  is  found,  like  water, 
throughout  the  diflerent  tissues  and  fluids  of  the  body.  The  only 
exception  to  this  is  perhaps  the  enamel  of  the  teeth,  where  it  has 
not  yet  been  discovered.  Its  presence  is  important  in  the  bo<ly,  as 
"'  regulating  the  phenomena  of  endosmosis  and  exosmosis  in  different 
of  the  frame.  For  we  know  that  a  solution  of  common  salt 
through  animal  membranes  much  less  readily  than  pure 
water ;  and  tissues  which  have  been  desiccated  will  absorb  pure 
water  more  abundantly  than  a  saline  solution.  It  must  not  be  sup- 
posed, however,  that  the  presence  or  absence  of  chloride  of  sodium, 
or  its  varying  quantity  in  the  animal  fluids,  is  the  only  condition 
which  regulates  their  transudation  through  the  animal  membranes. 
The  manner  in  which  endosmosis  and  exosmosis  take  place  in  the 


•  Op.  cit.,  VOL  iL  pp.  143  and  145. 
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animal  frame  depends  upon  the  relative  quantity  of  all  tbe  ingre- 
dients of  the  fluids,  as  well  as  on  the  constitution  of  the  sol  Ida 
ihemselvas;  and  the  chloride  of  sodium,  as  one  ingredient  among 
many,  influences  these  phenomena  to  a  great  extent,  though  it  does 
not  regulate  them  exclusively. 

It  exerts  also  an  important  influence  on  the  solution  of  various 
other  ingredients,  with  which  it  is  associated.  Thus,  in  the  blood 
it  increases  the  solubility  of  the  albumen,  and  perhaps  also  of  the 
earthy  phosphates.  The  blood-globules,  again,  which  become  dis- 
integrated and  dissolved  in  a  solution  of  pure  albumen,  are  main- 
tained in  a  state  of  integrity  by  the  presence  of  a  small  quantity  of 
chloride  of  sodium. 

It  exists  in  the  following  proportions  in  several  of  the  solids  and 
fluids:' — 

QuAimrr  of  Chlowidb  of  SormrM  its  1,000  parts  ijt  tbe 


MoAoles  .        . 

2 

Bile 

3,6 

Boii*»a 

.        .        2.5 

Blood       . 

4.6 

Milk 

I 

Mucus 

H 

Saliva      . 

1.5 

Aqueous  humor 

.       11 

Urine       . 

,        3 

Vitretiua  homor 

.       14 

In  the  blood  it  is  rather  more  abundant  than  all  the  other  saline 
ingre>dient3  taken  together. 

Since  chloride  of  sodium  is  so  nniversall}^  present  in  all  parts  of 
the  body,  it  is  an  important  ingredient  also  of  the  fixxi.  It  occurs, 
of  course^  in  all  animal  foodt  in  the  quantities  in  which  it  naturally 
exists  in  the  corresponding  tissues;  and  in  vegetable  food  also, 
though  in  smaller  amount.  Its  proportion  in  muscular  flesh, 
however,  is  muoh  less  than  in  the  blood  and  other  fluids.  Conse- 
quently it  is  not  supplied  in  sufficient  quantity  as  an  ingredient  of 
animal  and  vegetable  food,  but  is  taken  also  by  itself  as  a  condi- 
ment. There  is  no  other  substance  so  universally  used  bj^  all  races 
and  conditions  of  men,  as  an  addition  to  the  food,  as  chloride  of 
sodium.  This  custom  docs  not  simply  depend  on  a  fancy  for  grati- 
fying the  palate,  but  is  based  upon  an  instinctive  desire  for  a  sub- 
stance which  is  necessary  to  the  proper  constitution  of  the  tissues 
and  fluids.  Even  the  herbivorous  animals  are  greedy  of  it,  and  if 
freely  supplied  with  it,  are  kept  in  a  much  better  condition  than 
when  deprived  of  ita  use. 

The  importance  of  chloride  of  sodium  in  this  respect  has  lieen 
well  demonstrated  by  Boussingault,  in  his  experiments  on  the 

1  Robitt  and  Venleil. 
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fiitteaing  of  animala.  These  observations  were  made  upon  six 
bullocks,  selected,  as  nearly  as  possible,  of  the  same  age  and  vigor, 
and  subjected  to  comparative  experiment.  They  were  all  supplied 
with  an  abundance  of  nutritious  food ;  but  three  of  them  (lot  No* 
1)  received  also  a  little  over  500  grains  of  salt  each  per  day.  The 
remaining  three  (lot  No.  2)  received  no  salt,  but  in  other  respects 
were  treated  like  the  first.  The  result  of  these  experiments  is  given 
by  Boussingault  as  follows : — * 

"Though  salt  administered  with  the  food  has  but  little  eflfect  in 
increasing  the  size  of  the  animal,  it  appears  to  exert  a  favorable 
influence  upon  his  qualities  and  general  aspect.  Until  the  end  of 
March  (the  experiment  began  in  October)  the  two  lots  experimented 
on  did  not  present  any  marked  difference  in  their  appearance;  but 
in  the  course  of  the  following  April,  this  difference  became  quite 
manifest,  even  to  an  unpractised  eye.  The  lot  No.  2  had  then  been 
without  salt  for  six  months.  In  the  animals  of  both  lots  the  skin 
had  a  fine  and  substantial  texture,  easily  stretched  and  separated 
from  the  ribs;  but  the  hair,  which  was  tarnished  and  disordered  in 
the  bullocks  of  the  second  lot,  was  smooth  and  glistening  in  those 
of  the  first.  As  the  exi>eriment  went  on,  these  characters  became 
more  marked ;  and  at  the  beginning  of  October  the  animals  of  lot 
No.  2,  after  going  without  salt  for  an  entire  year,  presented  a  rough 
and  tangled  hide,  with  patches  here  and  there  where  the  skin  was 
entirely  uncovered,  The  bullocks  of  lot  No,  1  retained,  on  the 
contrary,  the  ordinary  aspect  of  stalhfed  aniraaip.  Their  vivacity 
and  their  frequent  attempts  at  mounting  contrasted  strongly  with 
the  dull  and  unexcitable  aspect  presented  by  the  others.  No  doubt, 
the  first  lot  would  have  commanded  a  higher  price  in  the  market 
than  the  second/* 

Chloride  of  sodium  acts  also  in  a  favorable  manner  by  exciting 
the  digestive  fluids,  and  assisting  in  this  way  the  solution  of  the 
food*  For  food  which  is  tasteless,  however  nutritious  it  may  be  in 
other  respects,  is  taken  with  reluctance  and  digested  with  difficulty ; 
while  the  attractive  flavor  which  is  developed  by  cooking,  and  by 
the  addition  of  salt  and  other  condiments  in  proper  proportion, 
excites  the  secretion  of  the  saliva  and  gastric  juice,  and  facilitates 
consequently  the  whole  process  of  digestion.  The  chloride  of 
sodium  is  then  taken  up  by  absorption  from  the  intestine,  and  ia 
deposited  in  various  quantities  in  different  parts  of  the  body. 
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It  is  discharged  with  the  urine,  mucus,  cutaneous  perspiration. 
&c.,  in  solution  in  the  water  of  these  fluids.  According  to  the  esti- 
mates of  M.  Barral,'  a  small  quantity  of  chloride  of  sodium  dis- 
appears in  the  body;  since  he  finds  by  accurate  comparison  that  all 
the  salt  introduced  with  the  food  is  not  to  be  found  in  the  excreted 
fluids,  but  that  about  one-fifth  of  it  remains  unaccounted  for.  This 
portion  is  supposed  to  undergo  a  double  decomposition  in  the  blood 
with  phosphate  of  potassa,  forming  chloride  of  potassium  and  phos- 
phate of  soda.  By  far  the  greater  part  of  the  chloride  of  sodium, 
however,  escapes  imder  its  own  form  with  the  secretions. 

8.  Chloride  of  Potassium.— This  substance  is  found  in  the 
muscles,  the  blood,  the  milk,  the  urine,  and  various  other  fluids 
and  tissues  of  the  body.  It  is  not  so  imiversally  present  as  chlo- 
ride of  sodium,  and  not  so  important  as  a  proximate  principle. 
In  some  parts  of  the  body  it  is  more  abundant  than  the  latter  salt, 
in  others  less  so.  Thus,  in  the  blood  there  is  more  chloride  of 
sodium  than  chloride  of  potasssium,  but 'in  the  muscles  there  is  more 
chloride  of  potassium  than  chloride  of  sodium.  This  substance  is 
always  in  a  fluid  form,  by  its  ready  solubility  in  water,  and  is  easily 
separated  by  lixiviation.  It  is  introduced  mostly  with  the  food,  but 
is  probably  formed  partly  in  the  interior  of  the  body  from  chloride 
of  sodium  by  double  decomposition,  as  already  mentioned.  It  is 
discharged  with  the  mucus,  the  saliva,  and  the  urine. 

4.  Phosphate  of  Lime. — This  is  perhaps  the  most  important 

of  the  mineral  ingredients  of  the  body  next  to  chloride  of  sodium. 

It  is  met  with  universally,  in  every  tissue  and  every  fluid.     Its 

quantity,  however,  varies  very  much  in  different  parts,  as  will  be 

seen  by  the  following  list: — 

Quantity  op  Phosphate  op  Limb  i5  1,000  parts  in  thb 
Enamel  of  the  teeth  .        .     885  Muscles    .         .         .         .2.5 

Dentine     ....     643  Blood        ....     0.3 

Bones        ....     550  Oastricjnice     .        .        .     0.4 

Cartilages  ...      40 

It  occurs  also  under  difierent  physical  conditions.  In  the  bones, 
teeth,  and  cartilages  it  is  solid,  and  gives  to  these  tissues  the  resist- 
ance and  solidity  which  are  characteristic  of  them.  The  calcareous 
salt  is  not,  however,  in  these  instances,  simply  deposited  mechani- 
cally in  the  substance  of  the  bone  or  cartilage  as  a  granular  powder, 
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iely  united  with  the  animal  matter  of  the  tissues,  like 
natter  in  colored  glass^  bo  as  to  pre^nt  a  more  or  less 
JOB  appearance.     It  can,  however,  be  readily  dissolved 
jiaceratiou  in  dilute  muriatic  acid,  leaving  behind  the 
iubstauce,  which  still  retains  the  original  form  of  the  bone 
iagc     It  is  not,  therefore,  united  with  the  animal  matter  so 
loae-ita  identity  and  fonii  a  new  chemical  substance,  as  where 
jcid  combines  with  an  alkali  to  form  a  salt,  but  in  the  same 
er  as  salt  unites  with  water  in  a  saline  solution,  both  sub- 
retaining  their  original  character  and  composition,  but  ao 
limately  associated  that  they  cannot  be  separated  by  mechanical 
mean^. 

In  the  blood,  phosphate  of  lime  is  in  a  liquid  form,  notwithstand- 
ing its  insolubility  in  water  and  in  alkaline  fluids,  being  held  in 
solution  by  the  albuminous  matters  of  the  circulating  fluid.  In  the 
urine,  it  Is  retained  in  solution  by  the  bi-phosphate  of  soda. 

In  all  the  solid  tissues  it  is  useful  by  giving  to  them  their  proper 
consistence  and  solidity.  For  example,  in  the  ena- 
mel of  the  teeth,  the  hardest  tissue  of  the  body*  it 
predominates  very  much  over  the  animal  matter, 
and  is  present  in  greater  abundance  there  than  in 
any  other  part  of  the  frame.  In  the  dentine,  a 
softer  tissue,  it  is  in  somewhat  smaller  quantity, 
and  in  the  bones  smaller  still ;  though  in  the  bones 
it  continues  to  form  more  than  one-half  the  entire 
maes  of  the  osseous  substance.  The  importance  of 
phosphate  of  lime,  in  communicating  to  bones  their 
natural  stiffnc^ss  and  consistency,  may  be  readily 
ghowu  by  the  alteration  which  they  suffer  from  its 
removal.  K  a  long  bone  be  macerated  in  dilute 
muriatic  acid,  the  earthy  salt,  as  already  mentioned, 
is  entirely  dissolved  out,  after  which  the  bone  loses 
ita  rigidity,  and  may  be  bent  or  twisted  in  any  di- 
rection without  breaking.  (Pig.  1.) 

Whenever  the  nutrition  of  the  bone  during  life 
b  interfered  with  from  any  patholo^cal  cause,  so 
that  ita  phosphate  of  lime  becomes  deficient  in 
amount,  a  softening  of  the  osseous  tissue  is  the 
c/>nsequencc,  by  which  the  bones  yield  to  external 
pDassure,  and  become  more  or  less  distorted.  (Osteo-malakia.) 
^fter  forming,  for  a  time,  a  part  of  the  tissues  and  fluids,  the 
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phosphate  of  lime  is  discharged  from  the  body  by  the  urine,  the 
perspiration,  mucus,  &c.  Much  the  hirger  portion  is  discharged  by 
the  urine.  A  small  quantity  also  occurs  in  the  feces,  but  this  is  pro* 
bably  only  the  superfluous  residue  of  what  is  taken  in  with  the  food, 

5,  Carbonate  of  Lime. — Carbonate  of  lime  is  to  be  found  in 
the  bones,  and  sometimes  in  the  urine.  The  concretions  of  the 
internal  ear  are  almost  entirely  formed  of  it.  It  very  probably 
occurs  also  in  the  blood,  teeth,  cartilages,  and  sebaceous  matter; 
but  its  presence  here  is  not  quite  certain,  since  it  may  have  been 
produced  from  the  lactate,  or  other  organic  combination,  by  the 
process  of  incineration.  In  the  bones,  it  is  in  much  smaller  quan- 
tity than  the  phosphate.  Its  solubility  in  the  blood  and  the  urine 
is  accounted  for  by  the  presence  of  free  carbonic  acid,  and  also  of 
chloride  of  potassium,  both  of  which  substances  exert  a  solvent 
action  on  carlx>nate  of  lime, 

6,  Carbonate  of  Sopa, — This  substance  exists  in  the  bone% 
blood,  saliva,  lymph,  and  urine.  As  it  is  readily  soluble  in  water, 
it  naturally  assumes  the  liquid  form  in  the  animal  fluids.  It  is 
important  principally  as  giving  to  the  blood  its  alkalescent  reaction, 
by  which  the  solution  of  tlie  albumen  is  facilitated,  and  various 
other  chemico-physiologieal  processes  in  the  blood  acconqtlished. 
The  alkalescence  of  the  blood  is,  in  fact,  necessary  to  life;  for  it  is 
found  that,  in  the  living  animal,  if  a  mineral  acid  l>e  gradually 
injected  into  the  blood,  so  dilute  as  not  to  coagulate  the  albumen, 
death  takes  place  before  its  alkaline  reaction  has  been  completely 
neutralized.' 

The  carl>onate  of  soda  of  the  blood  is  partly  introduced  as  such 
with  the  food ;  but  the  greater  part  of  it  is  formed  within  the  body 
by  the  decomposition  of  other  salts,  introduced  with  certain  fruits 
and  vegetables.  These  fruits  and  vegetables,  such  as  apples^  cher- 
ries, grapes,  potatoes,  &c.,  contain  malates,  tartrates,  and  citrates 
of  soda  and  potassa.  Now,  it  has  been  pften  noticed  that,  after 
the  use  of  acescent  fruits  and  vegetables  containing  the  above  salts, 
the  urine  becomes  alkaline  in  reaction  from  the  presence  of  the 
alkaline  carbonates.  Lehmann'  found,  by  experiments  upon  his 
own  person,  that,  within  thirteen  minutes  after  taking  half  an  ounce 


*  CI.  B«nmrd.     Lee  tares  on  the  Blood ;  reported  bj  W.  F.  Atlee,  M.  D. 
delphia,  1S54,  p.  31. 
'  Fh/»iologioAl  Cht*tD{8trj.     Pliiliidelpliiii  ed.,  toL  i.  p*  97.- 
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of  lactate  of  soda,  the  urine  had  an  alkaline  reaction.  He  alao  ob- 
served that,  i£  a  solution  of  lactate  of  soda  were  injectetl  into  the 
jugular  vein  of  a  dog,  the  urine  became  alkaline  at  the  end  of  five, 
or,  at  the  latest,  of  twelve  minute!^,  Tbe  conversion  of  tliese  salts 
into  carbonates  lakes  place,  therefore,  not  in  the  intestine  but  in  the 
blood.  The  same  observer*  found  that,  in  manj-  persons  living  on 
a  mixed  diet,  the  urine  became  alkaline  in  two  or  three  hours  afYer 
swallo^iing  ten  grains  of  acetate  of  soda.  These  salts,  therefore, 
on  being  introduced  into  the  animal  body,  are  decomposed.  Their 
organic  acid  is  destruyed  and  replaced  by  carbonic  acid ;  and  they 
are  then  discharged  under  the  form  of  carbonates  of  soda  and  potassa. 

7.  Carbonate   of  Potassa. — This  substance  occurs  in  very 
irly  the  same  situations  as  the  last.     In  the  blood,  however*  it  is 

in  smaller  quantity*  It  is  mostly  produced,  as  above  stated^  by 
the  decomposition  of  the  malate,  tartrate,  and  citrate,  in  the  same 
manner  as  the  carbonate  of  soda.  Its  function  is  also  the  same  as 
that  of  the  soda  salt,  and  it  is  discharged  in  the  same  manner  from 
the  body. 

8.  Phosphates  of  Magnesia,  Soda,  aitd  Fotassa. — All  these 
substances  exist  universally  in  all  the  solids  and  fluids  of  the  bo^ly, 
but  in  very  small  quantity.  The  phosphates  of  soda  and  potassa 
are  easily  dissolved  in  the  animal  fluids,  owing  to  their  ready  solu- 
bility in  water.  Tbe  phosphate  of  magnesia  is  held  in  solution  in 
the  blood  by  the  alkaline  chlorides  and  phosphates ;  in  the  urine, 
by  the  acid  phosphate  of  soda. 

A  peculiar  relation  exists  between  the  alkaline  phosphates  and 
carbonates  in  different  classes  of  animals.  For  while  the  fluids  of 
carnivorous  animals  contain  a  preponderance  of  the  phosphates, 
those  of  the  herbivora  contain  a  preponderance  of  the  carbonates : 
a  peculiarity  readily  understood  when  we  recollect  that  muscular 
flesh  and  the  animal  tissues  generally  are  comparatively  abundant 
in  phosphates;  while  vegetable  substances  abound  in  salts  of  the 
organic  acids,  which  give  rise,  as  already  described,  by  their  decom- 
position  in  the  blood,  to  the  alkaline  carbonates. 

The  proximate  principles  included  in  the  above  list  resemble 
each  other  not  only  in  their  inorganic  origin,  their  crystalLizability, 

•  Phjdologioal  Chemiatrj,  toI.  ii.  p.  130, 
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and  their  definite  chemical  composition,  but  also  in  the  part  which 
they  take  in  the  constitution  of  the  animal  frame.  They  are 
diistinguished  in  this  respect,  first  by  being  derived  entirely  from 
without.  There  are  a  few  exceptions  to  this  rule ;  as,  for  example, 
in  the  case  of  the  alkaline  carbonates,  which  partly  originate  in 
the  body  from  the  decomposition  of  malates,  tartrates,  &c.  Tlieae, 
however,  are  only  exce]>tions ;  and  in  general,  the  proximate  prin- 
ciples belonging  to  the  first  class  are  introduced  with  the  food, 
and  taken  up  by  the  animal  tissues  in  precisely  the  same  forn 
under  w^hioh  they  occur  in  external  nature.  The  carbonate  of  lime ' 
in  the  bones^  the  chloride  of  sodium  in  the  bli:)od  and  tissues,  are 
the  same  substances  which  are  met  with  in  the  calcareous  rocks, 
and  in  solution  in  sea  water.  They  do  not  suffer  any  chemical 
alteration  in  becoming  constituent  parts  of  the  animal  frame. 

They  are  equally  exempt,  as  a  general  rule,  firom  any  alteration 
while  they  remain  in  the  body,  and  during  their  passage  througfc 
it.  The  exceptions  to  this  rule  are  very  few ;  as,  for  example,  where^ 
a  small  part  of  the  chloride  of  sodium  sufiers  double  decomposition 
with  phosphate  of  potassa,  giving  rise  to  chloride  of  potassium  and 
phosphate  of  soda ;  or  where  the  phosphate  of  soda  itself  gives  up 
a  part  of  its  base  to  an  organic  acid  (uric),  and  is  converted  in  this 
way  into  a  bi-phosphate  of  soda. 

Nearly  the  whole  of  these  substances,  finally,  are  taken  up  un- 
changed from  the  tissues,  and  discharged  unchanged  with  the  excre- 
tions. Thus  we  find  the  phosphate  of  lime  and  the  chloride  of  so- 
dium, which  were  taken  in  with  the  food,  discharged  again  under 
the  same  form  in  the  urine.  They  do  not,  therefore,  for  the  most 
part,  participate  directly  in  the  chemical  changes  going  on  in  the 
body ;  but  only  servo  by  their  presence  to  enable  those  changes  to 
be  accomplished  in  the  other  ingredients  of  the  animal  frame,  which 
are  necessary  to  the  process  of  nutrition. 
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CHAPTER    III. 

PEOXIMATB  PRINCIPLES  OF  THE  SECOND  CLASS. 

The  proximate  principles  belonging  to  the  second  class  are 
divided  into  three  principal  groups,  viz :  starch,  sugar,  and  oil. 
They  are  distinguished,  in  the  first  place,  by  their  organic  origin. 
Unlike  the  principles  of  the  first  class,  they  do  not  exist  in 
external  nature,  but  are  only  found  as  ingredients  of  organized 
bodies.  They  exist  both  in  animals  and  in  vegetables,  though  in 
somewhat  different  proportions.  All  the  substances  belonging  to 
this  class  have  a  definite  chemical  composition ;  and  are  further 
distinguished  by  the  fact  that  they  are  composed  of  oxygen, 
hydrogen,  and  carbon  alone,  without  nitrogen,  whence  they  are 
sometimes  called  the  '^  non-nitrogenous"  substances. 

1.  Starch  (CjjHjoO,^,). — ^The  first  of  these  substances  seems  to 
form  an  exception  to  the  general  rule  in  a  very  important  particu- 
lar, viz.,  that  it  is  not  crystallizable.  Still,  since  it  so  closely 
resembles  the  rest  in  all  its  general  properties,  and  since  it  is  easily 
convertible  into  sugar,  which  is  itself  crystallizable,  it  is  naturally 
included  in  the  second  class  of  proximate  principles.  Though  not 
crystallizable,  furthermore,  it  still  assumes  a  distinct  form,  by 
which  it  differs  from  substances  that  are  altogether  amorphous. 

Starch  occurs  in  some  part  or  other  of  almost  all  the  flowering 
plants.  It  is  very  abundant  in  corn,  wheat,  rye,  oats,  and  rice,  in 
the  parenchyma  of  the  potato,  in  peas  and  beans,  and  in  most 
vegetable  substances  used  as  food.  It  constitutes  almost  entirely 
the  different  preparations  known  as  sago,  tapioca,  arrowroot,  &c;, 
which  are  nothing  more  than  varieties  of  starch,  extracted  fi:om 
different  species  of  plants. 

The  following  is  a  list  showing  the  percentage  of  starch  occurring 
in  different  kinds  of  food : — ' 

"  Pereira  on  Food  and  Diet,  New  York,  1843,  p.  69. 
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QfTASTITT  OF  StAJJCU  I3f  100  PAttTS  US 

Eioe        .         .         *         .  S5.U7  Wheat  llour   . 

Maize     «...  80.92  Icelaiiil  mms 

Barley  meal  .        .        .  07>ld  Kidney  beau  . 

Rye  ineal         .  .  .  61.07  Peas 

Oat  ine^il        ,         .         .  5J).LK>  Potato    . 


72,00 
44.60 
35.  M 
32.4S 
15.70 
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When  purified  from  foreign  substances,  starch  is  a  white,  light 
powder,  which  gives  rise  to  a  peeuliar  crackling  sensation  when 

rubbed  between  the  finders. 
When  examined  bj  the  mi- 
croscope, it  is  seen  to  be 
composed  of  solid  granules, 
which,  while  they  have  a 
general  resemblance  to  each 
other,  differ  somewhat  in  va- 
rious particulars.  The  starch 
grains  uf  the  potato  (Fig,  2) 
vary  considerably  in  size. 
The  smallest  have  a  d  iameter 
of  jjfUnf  the  largest  ,U  of 
an  inch.  They  are  irregu- 
larly pear-shaped  in  form, 
and  are  marked  by  concen- 
tric laminsB,  as  if  the  matter 
'  which  they  are  comj^osed  had  been  deposited  in  successive  layers. 
At  one  point  on  the  surface  uf  everj^  starch  grain,  there  is  a  minute 

pore  or  depression,  called  the 


L^ 


o 
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On  A  tit  •  OP  Potato  Stakcii^ 


FiR.  3, 


3 


Btaach  OiJ^ijii  ar  ORJutriiA  AmtoirKooT. 


hilus,  around  which  the  cir- 
cular markings  are  arranged 
in  a  concentric  form. 

The  starch  granules  of 
arrowroot  (Fig.  3)  are  gene- 
rally smaller  and  more  uni- 
form in  size,  than  those  of 
the  potato.  They  vary  from 
soais  ^  zU  of  an  inch  in 
diameter.  They  are  elongated 
and  cylindrical  in  form,  and 
the  concentric  markings  are 
less  distinct  than  in  the  pro- 
ceding  variety.     The  hilus 
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Fig.  4. 


Stakch  Okaivs  or  Wheat  Flovk. 


has  here  sometimes  the  form  of  a  circular  pore,  and  sometimes  that 
of  a  transverse  fissure  or  slit. 

The  grains  of  wheat  starch  (Fig.  4)  are  still  smaller  than  those 
of  arrowroot.  They  vary 
from  TvivT  to  lia  ofsm  inch 
in  diameter.  They  are 
nearly  circular  in  form,  with 
a  round  or  transverse  hilus, 
but  without  any  distinct 
appearance  of  lamination. 
Many  of  them  are  flattened 
or  compressed  laterally,  so 
that  they  present  a  broad 
surface  in  one  position,  and 
a  narrow  edge  when  viewed 
in  the  opposite  direction. 

The  starch  grains  of  In- 
dian corn  (Fig.  5)  are  of 
nearly  the  same  size  with 
those  of  wheat  flour.  They  are  somewhat  more  irregular  and 
angular  in  shape ;  and  are  often  marked  with  crossed  or  radiating 
lines,  as  if  from  partial  fracture. 

Starch  is  also  an  ingre- 
dient of  the  animal  body. 
It  was  first  observed  by 
Purkinje,  and  afterward  by 
Kolliker,*  that  certain  bodies 
are  to  be  found  in  the  interior 
of  the  brain,  about  the  late- 
ral ventricles,  in  the  fornix, 
septum  lucidum  and  other 
parts,  which  present  a  cer- 
tain resemblance  to  starch 
grains,  and  which  have  there- 
fore  been  called   "corpora 

amylacea."       Subsequently  ^^^^^^  o.A.K.or  ixdiak  co.k. 

Virchow*  corroborated  the 
above  observations,  and  ascertained  the  corpora  amylacea  to  be 


Fig.  5. 


■  Haodbuoh  der  Qewebelehre,  Leipzig,  1852,  p.  311. 
'  In  Amerioan  Journal  Med.  Sci.,  April,  1854,  p.  466. 
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Starch  OnAtx*   muH   Walt*   of   Latkral 
TxiTTRiGLfls;  fyom  R  woniRi}  ag«Hl  3.'i. 


really  .substances  of  a  starchy  nature;  since  they  exhibit  the  usual 
chemical  reactions  of  vegetable  starch. 

The  starch  granules  of  the  human  brain  (Fig,  6)  are  transparent 

and  colorless,  like  those  from 
^*^*  ^'  plants.  They  refract  the  light 

stronglyi  and  vary  in  size 
from  ^7^^  to  tV^if  of  an 
inch.  Their  average  is  ^g'^jy 
of  an  inch.  They  are  some- 
times rounded  or  oval^  and 
sometimes  angular  in  shape. 
They  resemble  considerably 
in  appearance  the  starch 
granules  of  Indian  corn.  The 
largest  of  them  present  a 
very  faint  concentric  lamina- 
tiou,  but  the  greater  number 
are  destitute  of  any  such 
appearance*  They  have 
nearly  always  a  distinct  hilus,  which  is  sometimes  circular  and 
sijraetimes  slit-shaped.  They  are  also  often  marked  with  delicate 
radiating  lines  and  shadows.  On  the  addition  of  iodine,  they  become 
colored,  first  purple,  afterward  of  a  deep  blue.  They  are  less  firm 
in  consistency  than  vegetable  starch  grains,  and  can  be  more  readily 
disintegrated  by  pressing  or  rubbing  them  upon  the  glass. 

Starch,  derived  from  all  the^e  difterent  sources,  has,  so  far  ad 
known,  the  same  chemical  composition,  and  may  be  recognized  by 
the  same  tests.  It  is  insoluble  in  cold  water,  but  in  boiling  water 
its  granules  first  swell,  become  gelatinous  and  opaline,  then  fuse 
with  each  other,  and  finally  liquefy  altogether,  provided  a  suflficient 
quantity  of  water  be  present.  After  that,  they  cannot  be  made  to 
resume  their  original  form,  but  on  cooling  and  drying  merely  solidify 
into  a  homogeneous  mass  or  paste,  more  or  less  consistent,  accord- 
ing to  the  quantity  of  water  which  remains  in  union  with  it.  The 
starch  is  then  said  to  be  amorphous  or  *'  hydrated."  By  thi^  process 
it  is  not  essentially  altered  in  its  chemical  properties,  but  only  in 
its  physical  condition.  Whether  in  granules,  or  in  solution,  or  in 
an  amorphous  and  hydratcd  state,  it  strikes  a  deep  blue  color  on 
the  addition  of  free  iodine* 

Starch  may  be  converted  into  sugar  by  three  different  methods. 
First,  by  boiling  with  a  dilute  acii     If  starch  be  boiled  with  dOute 
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nitrici  sulphuric,  or  muriatic  acid  during  thirty-six  hours,  it  first 
changes  its  opalescent  appearance,  and  becomes  colorless  and  trans- 
parent;  losing  at  the  same  time  its  power  of  striking  a  blue  color 
with  iodine.  After  a  time,  it  begins  to  acqiiire  a  sweet  taste,  and 
is  finally  altogether  converted  into  a  peculiar  species  of  sugar. 

Secondly,  by  contact  with  certain  animal  and  vegetable  sub* 
stances.  Thus,  boiled  starch  mixe^l  with  human  saliva  and  kept 
at  the  temperature  of  100**  F.,  is  converted  in  a  few  minutes  into 
sugar. 

Thirdly,  by  the  processes  of  nutrition  and  digestion  in  animals 
and  vegetables,  A  large  part  of  the  starch  stored  up  in  seeds  and 
other  vegetable  tissues  is,  at  some  period  or  other  of  the  growth  of 
the  plant,  converted  into  sugar  by  the  molecular  changes  going  on 
in  the  vegetable  fabric.  It  is  in  this  way,  m  far  as  we  know,  that 
all  the  sugar  derived  from  vegetable  sources  has  its  origin. 

Starch,  as  a  proximate  principle,  is  more  especially  important  as 
entering  largely  into  the  composition  of  many  kinds  of  vegetable 
food.  With  these  it  is  introduced  into  the  alimentary  canal,  and 
there*  during  the  process  of  digestion,  is  converted  into  sugar. 
Consequently,  it  does  not  appear  in  the  blood,  nor  in  any  of  the 
secreted  fluids. 


2.  Sugar. — This  group  of  proximate  principles  includes  a  con- 
siderable number  of  substances,  which  differ  in  certain  minor 
details,  w^hile  they  resemble  each  other  in  the  following  particulars ; 
They  are  readily  soluble  in  water,  and  crysUlliae  more  or  less 
perfectly  on  evaporation;  they  have  a  distinct  sweet  taste;  and 
finally,  by  the  process  of  fermentation,  they  are  converted  into 
alcohol  and  carbonic  acid. 

These  substances  are  derived  from  both  animal  and  vegetable 

sources.    Those  varieties  of  sugar  which  are  most  familiar  to  ns 

are  the  following  six,  three  of  which  are  of  vegetable  and  three  of 

animal  origin. 

i^  Cane  sugar, 
V«g^i*ble    lorape  augur, 


rBfilk  8 agar, 
Animal    J  j  .^, 


sugars. 


iiv^r  ««gar, 


^  Sugar  of  lionejr. 


The  cane  and  grape  sugars  are  held  in  solution  in  the  juices  of 

the  plants  from  which  they  derive  their  name.     Sugar  of  starch,  or 

hio?s€t  is  produced  by  boiling  starch  for  a  long  time  with  a  dilute 

cii     Liver  sugar  and  sugar   of    milk    are    produced  in  the 

ti^ued  of  the  liver  an^  the   mammary  gland,  and  the   sugar  of 
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lioney  is  prepared  in  some  way  by  tho  hee  from  materials  of  vege- 
table origin. 

These  varieties  differ  but  little  in  their  ultimate  chemical  compo- 
sition.    The  foilowuig  Ibrmulie  have  been  established  for  tliree  of ! 
them. 

Cane  sagar ^  ^n^iPn 

Milk  sugar ^  ^n^'n^^ji 

GlU0O9« =J  C^*JJta*^M 

Cane  sngar  is  sweeter  than  most  of  the  other  varieties,  and  more 
soluble  in  water.  Some  sugars,  suoh  as  liver  sugar  and  sugar  of 
lioney,  crystallize  only  "Vk^th  great  difficulty ;  but  this  is  probably 
owing  to  their  being  mingled  with  other  substances,  from  which  it 
is  difficult  to  separate  them  completely.  If  they  could  be  obtained 
in  a  state  of  purity,  they  would  doubtless  crystallize  as  perfectly  as 
cane  sugar.  The  different  sugars  vary  also  in  the  readiness  with 
which  they  undergo  fermentation.  Some  of  them,  as  grape  sugar 
and  liver  sugar,  enter  into  fermentation  very  promptly ;  othcr.H, 
such  as  milk  and  cane  sugar,  with  considerable  difficulty. 

The  above  are  not  to  be  regarded  as  the  only  varieties  of  sugar 
existing  in  nature.  On  the  contrary,  it  is  probable  that  nearly 
every  different  species  of  animal  and  vegetable  produces  a  distinct 
kind  of  sugar,  differing  slightly  from  the  rest  in  its  degree  of  sweet- 
ness, its  solubility,  its  crystallization,  it^  aptitude  for  fermcntatiotu 
and  perhaps  in  its  elementary  composition.  Nevertheless,  there  is 
so  close  a  resemblance  between  them  that  they  are  all  properly- 
regarded  as  belonging  to  a  single  group. 

The  test  most  commonly  employed  for  detecting  the  presence  of 
sugar  is  that  known  as  Trommer^s  test.  It  depends  upon  the  fact 
that  the  saccharine  substances  have  the  power  of  reducing  the 
persalts  of  copper  when  heated  with  them  in  an  alkaline  solution. 
The  test  is  applied  in  tfie  following  manner :  A  very  small  quantity 
of  sulphate  of  copper  in  solution  should  be  added  to  the  suspected 
liquid,  and  the  mixture  then  rendered  distinctly  alkaline  by  the^ 
addition  of  caustic  potassa.  The  whole  solution  then  takes  a  deepm 
blue  color.  On  boiling  the  mixture,  if  sugar  be  present  the  in- 
soluble suboxide  of  copper  is  thrown  down  as  an  opaque  red» 
yellow,  or  orange-colored  deposit;  otherwise  no  change  of  color 
takes  place. 

This  lest  requires  some  precautions  in  its  application.  In  the 
first  place,  it  is  not  applicable  to  all  varieties  of  sugar.  Cane 
sugar,  for  example,  when  pure,  has  no  power  of  reducing  the  salts 
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of  copper,  even  when  present  in  large  quantity.  Maple  sugar,  also, 
which  resembles  cane  sugar  in  some  other  respects^  reduces  the 
copper^  in  Trommer's  test,  but  slowly  and  imperfectly.  Beet- root 
sugaTi  according  to  Bernard,  presents  the  same  peculiarity.  If 
these  sugars,  however,  be  boiled  for  two  or  three  minutes  with  a 
trace  of  sulphuric  acid,  they  become  converted  into  glucose,  and 
acquire  the  power  of  reducing  the  salts  of  copper*  Milk  sugar, 
liver  sugar,  and  sugar  of  honey,  as  well  as  grape  sugar  and  glucose, 
all  act  promptly  and  perfectly  with  Trommer's  test  in  their  natural 
condition. 

Secondly,  care  must  be  taken  to  add  to  the  suspected  liquid  only 
a  small  quantity  of  sulphate  of  copper,  just  sufficient  to  give  to  the 
whole  a  distinct  blue  tinge,  after  the  addition  of  the  alkali*  If  a 
larger  quantity  of  the  copper  salt  be  used,  the  sugar  in  solution 
may  not  be  suflBcienfc  to  reduce  the  whole  of  it;  and  that  which 
remains  as  a  blue  sulphate  will  mask  the  yellow  color  of  the  sub- 
oxide thrown  down  as  a  deposit.  By  a  little  care,  however,  in 
managing  the  test,  this  source  of  error  may  be  readily  avoided. 

Thirdlvt  there  are  some  albuminous  substances  which  have  the 
power  of  interfering  with  Trommer's  test^  and  prevent  the  reduc- 
tion of  the  copper  even  when  sugar  is  present.  Certain  animal 
matters,  to  be  more  particularly  describetl  hereafter,  which  are 
liable  to  be  held  in  solution  in  the  gastric  juice,  have  this  effect. 
This  source  of  error  may  be  avoided,  and  the  substances  in  ques- 
tion eliminated  when  present,  by  treating  the  suspected  fluid  with 
animal  charcoal,  or  by  evaporating  and  extracting  it  with  alcohol 
before  the  application  of  the  test 

A  less  convenient  but  somewhat  more  certain  test  for  sugar  is 
thnt  o{  /ermentalion.  The  saccharine  fluid  is  mixed  with  a  little 
yeast,  and  kept  at  a  temperature  uf  70*^  to  100°  F.  until  the  fer- 
menting process  is  completed.  By  this  pnocess,  as  already  men- 
^oned,  the  sugar  is  converted  into  alcohol  and  carbonic  acid.  The 
as^  which  is  given  off  in  minute  bubbles  during  fermentation, 
should  be  collected  and  examined.  The  remaining  fluid  is  purified 
by  distillation  and  also  subjected  to  examination.  If  the  gas  be 
found  to  be  carbonic  acid,  and  the  remaining  fluid  contain  alcohol, 
there  can  be  no  doubt  that  sugar  was  present  at  the  commencement 
of  the  operation. 

The  following  list  shows  the  percentage  of  sugar  in  variuiks 
articles  of  food.^ 

*  Fereira,  op.  cit,,  p.  55* 
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QrAJJTITT  OP  StTGAB  IN  100  PARTS  IX 

Figs       *.         .         .         ,     b*2.50  Wheat  Hour . 

Cherries  .         *         .18.12  Rjre  tneal 

Pt^ches  .         .         ,16.48  Indian  meal 

Tamarinds      .         .         .12.50  Peas     . 

Pears      ....     1L52  now*s  milk  , 

Beets      ....       f^JiX)  Ass'a  milk    . 

Sweet  almoniU        .         .       G.OO  Human  milk 
fiariey  meal    .         *         .5.21 

Beside  the  sugar,  therefore,  which  is  taken  into  the  alimentary- 
canal  in  a  pure  form,  a  large  quantity  is  also  introduoed  as  an  in- 
gredient of  tbe  sweet-flavored  fruits  and  vegetables.  All  the 
starchy  substances  of  the  food  are  also  converted  into  sugar  ia  the 
process  of  digestion.  Two  of  the  varieties  of  sugar,  at  least, 
originate  in  the  interior  of  the  body,  viz.,  sugar  of  milk  and  liver 
sugar.  The  former  exists  in  a  solid  form  in  the  substance  of  the 
raararaary  gland,  from  which  it  passes  in  solution  into  the  milk. 
Tlie  liver  sugar  is  found  in  the  substance  of  the  Hver»  and  also  in 
the  blood  of  the  hepatic  veins.  The  sugar  which  is  introduced 
with  the  food,  as  well  as  that  which  is  formed  in  the  liver,  disap- 
pears by  decomposition  in  the  animal  fluids,  and  does  not  appear 
in  any  of  the  excretions* 

3.  Fats. — These  substances,  like  the  sugars,  are  derived  from  I 
both   animal   and  vegetable   sources.     There  are  three  principal  \ 
varieties  of  them,  which  may  be  considered  as  representing  die 
class,  viz : — 

Oleine .     =  C^^  H„  0,^ 

Margarine =  C.|  H^^  0,j 

Stearine ^  C,,jHj4iO„ 

The  principal  difference  between  the  oleaginous  and  saccharine 
substances,  so  far  as  regards  tlieir  ultimate  chemical  composition, 
is  that  in  the  sugars  the  oxygen  and  hydrogen  always  exist  together  i 
in  the  proportion  to  form  water ;  while  in  the  fats  the  proportions  of  I 
carbon  and  hydrogen  are  nearly  the  same,  but  that  of  oxygen  ia  j 
considerably  less.     The  fats  are  all  fluid  at  a  high  temperature,  but  1 
assume  the  solid   form   on  c<x>ling.     Stearine,  which  is  the  most  | 
solid  of  the  three,  liquefies  only  at  l-iS"^  F.;  margarine  at  118°  F. ; 
while  oleine  remains  fluid  considerably  below  100°  F.,  and  even 
very  near  the  freezing  point  of  water.     The  fats  are  all  insoluble 
in  water,  but  readily  soluble  in  ether.    By  prolonged  boiling  in 
water  with  a  cxiustic  alkali,  they  are  decomposed,  and  as  the  result  of  1 
the  decomposition  there  are  formed  two  new  bodies ;  first,  glycerine^ 
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wbicli  ia  a  neutral  flaid  substance,  and  secondly,  a  fatty  acid,  viz : 
oleic,  margaric,  or  stearic  acid,  corresponding  to  the  kind  of  fat 
wbick  has  been  used  in  the  experiment.     The  glycerine  remains  in 

^a  free  state,  while  the  fatty  acid  unites  with  the  alkali  employed, 
forming  an  oleate,  margarate,  or  stearate.  This  combinatiou  is 
termed  a  soap,  and  the  process  by  which  it  ia  formed  is  called 
sajPomJicatiotK  This  process,  however,  is  not  a  simple  decomposition 
of  the  fatty  body,  since  it  can  only  take  place  in  the  presence  of 
water;  several  equivalents  of  which  unite  with  the  elements  of  the 
&tty  body,  and  enter  into  the  composition  of  the  glycerine,  &c.^  so 
at  the  &tty  acid  and  the  glycerine  together  weigh  more  than  the 
original  fatty  substance  which  was  decomposed.     It  is  not  proper^ 

^therefore,  to  regard  an  oleaginous  body  as  formed  by  the  union  of  a 
fatty  acid  with  glycerine.  It  is  formed,  on  the  contrary,  in  all  pro- 
bability, by  the  direct  combination  of  its  ultimate  chemical  elements. 
The  different  kinds  of  oil,  fat,  lard,  suet,  iScc,  contain  the  three 
oleaginous  matters  mentioned  above,  mingled  together  in  different 
proportions.  The  more  solid  fats  contain  a  larger  quantity  of 
mne  and  margarine ;  the  less  consistent  varieties,  a  larger  pro* 
>rtion  of  oleine.  Neither  of  the  oleaginous  matters,  stearine, 
margarine,  or  oleine,  ever  occur  separately;  but  in  every  fatty  sub- 
ice  they  are  mingled  together,  so  that  the  more  fluid  of  them  hold 

^^n  solution  the  more  solid. 
Generally  speaking,  in  the  ^'  *' 

living  bod}^  these  mixtures 

rare  fluid,  or  nearly  so ;  for 
bough  both  stearine  and 
margarine  are  solid,  when 
pure,  at  the  ordinary  tem- 
|>erature  of  the  body,  they 
1  held  in  solution,  during 
life,  by  the  oleine  with  which 
ihey  are  associated.  After 
death,  however,  as  the  body 
cools,  the  stearine  and  mar- 
gurine  sometimes  separate 
from  the  mixture  in  a  crys- 
talline form,  since  the  oleine 
iin  no  longer  hold  in  solu- 
tion so  large  a  quantity  of  them  as  it  had  dissolved  at  a  higher 
temperature. 


argikiiivt  crj»ta.LUj«d  fram  «  Wmria  Si»laUoa  In 
Oleine. 
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These  substances  crystallize  in  very  slender  needles,  which  are 
sotnetiraes  straight,  but  more  often  somewhat  carved  or  wavy  in. 
their  outline.  (Fig*  7.) 

They  are  always  deposited  in  a  more  or  less  radiated  form ;  and 
have  sometimes  a  very  elegant,  branched,  or  arborescent  arrange- 
ment. 

When  in  a  fluid  state,  the  fatty  substances  present  themselves 

under  the  form  of  drops  or 
*^'  globules,  which  vary  indefi- 

nitely in  size,  but  which 
may  be  readily  recognized 
by  their  optical  properties- 
They  are  circular  in  shape, 
and  have  a  faint  amber  color, 
distinct  in  the  larger  globules, 
less  so  in  the  smaller.  They 
have  a  sharp,  well  defined 
outline  (Fig,  8);  and  as  they 
refract  the  light  strongly, 
and  act  therefore  as  double 
convex  lenses,  they  presetit 
a  brilliant  centre^  surrounded 
by  a  dark  border.  These 
marks  will  generally  be 
sufficient  to  distinguish  them  under  the  microscope. 

The  following  list  sliows  the  percentage  of  oily  matter  present  in 
various  kinds  of  animal  and  vegetable  foodJ 


fitMkrlB«  ftiid  M&rgmriiie  etyiUlllsed  ;  OletD«  fluid. 


QpA5TiTT  or  Fat  ix  lOQ  parts  iji 


Fnberts  . 
Wjiliiats 
CocoA'UntB 
OliTes     . 
Linseed 
India^n  Corn 
Yolk  of  pggs 


tJO.OO 

41M 
32,00 
22,tX» 
9.00 
28,00 


Ordiniirj  meat 
Liver  of  the  ojc 
Cow's  milk    . 
Hiiiiian  milk 
Astes^  milk  * 
Goats*  milk    . 


The  oleaginous  matters  present  a  striking  peculiarity  as  to  the 
form  under  which  they  exist  in  the  animal  body;  a  peculiarity 
which  distinguishes  them  from  all  the  other  proximate  principles. 
The  rest  of  the  proximate  principles  are  all  intimately  associated 
together  by  molecular  union,  so  as  to  form  either  clear  solutions  or 


1  Peruira,  op.  cit.,  p.  &K 
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homogeneous  solids.  Thus,  the  sugars  of  the  blood  arc  iu  solution 
in  water,  in  company  with  the  alt>umcn,  the  phosphate  of  lime, 
,  chloride  of  sodium,  and  the  like:  all  of  them  equally  distributed 
throughout  the  entire  ma^3  of  the  fluid.  In  the  hones  and  car- 
tilages, the  animal  matters  and  the  calcareous  salts  are  in  similarly 
intimate  union  with  each  other;  and  in  every  other  part  of  the 
body  the  animal  and  inorganic  ingredients  are  united  in  the  same 
way.  But  it  is  different  with  the  fats.  For,  while  the  three  prin- 
'  cipal  varieties  of  oleaginous  matter  are  always  united  with  each 
FOther^  they  are  not  unitetl  with  any  of  the  other  kinds  of  proximate 
principles ;  that  is,  with  w^ater,  saline  Bubstances,  sugars,  or  albu* 
minous  smtters.  Almost  the  only  exception  to  this  is  in  the  nerv- 
,  oufi  tissue;  in  which,  according  to  Eobin  and  Verdeil,  the  oily 
EiUers  seem  to  be  united  with  an  albuminoid  substance.  Another 
exception  is,  perhaps,  in  the  bile;  since  some  of  the  biliary  salts 
have  the  power  of  dissolving  a  certain  quantity  of  fat.  Every- 
where else,  instead  of  forming  a  homogeneous  sc»lid  or  fluid  with 
the  other  proximate  principles,  the  oleaginous  matters  are  found 
in  distinct  masses  or  globules,  which  are  suspended  in  serous  fluids, 
interposed  in  the  interstices  between  the  anatomical  elements,  in- 
eluded  in  the  interior  of  cells,  or  deposited  in  the  substance  uf 
Ibres  or  membranes.  Even  in  the  vegetable  tissues^  the  oil  is 
talways  deposited  in  this  manner  in  distinct  drops  or  granules. 

Owing  to  tills  fact,  the  oils  can  be  easily  extracted  from  the 
organized  tissues  by  the  employment  of  simply  mechanical  pro- 
oesses*  The  tissues,  animal  or  vegetable,  are  merely  cut  into  small 
pieces  and  subjected  to  pressure,  by  which  the  oil  is  forced  out 
from  the  parts  in  which  it  was  entangled,  and  separated,  without 
any  further  manipulation,  in  a  state  of  purity.  A  moderately 
elevated  temperature  facilitates  the  operation  by  increasing  the 
fluidity  of  the  oleaginous  matter ;  but  no  other  chemical  agency  is 
.required  for  its  separation.  Under  the  microscope,  also,  the  oil- 
pdropa  and  granules  can  be  readily  perceived  and  distinguished 
[from  the  remaining  parts  of  the  tissue,  and  can,  moreover,  be 
sily  recognissed  by  the  dissolving  action  of  ether,  which  acts 
upon  them,  as  a  general  rule,  without  attacking  the  other  proxi- 
mate principles. 

Oils  are  found,  in  the  animal  body,  most  abundantly  in  the 
adipose  tissue.  Here  they  are  contained  in  the  interior  of  the 
adipose  vesicles,  the  cavities  of  which  they  entirely  flil,  in  a  state 
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of  health.     These  vehicles  are  transparent,  and  have  a  somewhat 
angular  form,  owing  to  their  mutual  compression.  (Fig.  9.)     Thej 

vary  in  diameter,  in  the  hu- 
*^*    '  man  subject,  from  ^i^  to  jf^ 

of  an  inch,  and  are  composed 
of  a  thin,  structureless  ani- 
mal  membrane,  forming  a 
closed  sac,  in  the  interior  of 
which  the  oily  matter  is  con- 
tained. Tljere  is  here,  accord- 
ingly, no  union  whatever  of 
the  oil  with  the  other  proxi- 
mate principles,  but  only  a 
mechanical  inclusion  of  it  in 
the  interior  of  the  vesicles. 
Sometimes,  when  emaciation 
is  going  on,  the  oil  partially 
disappears  from  the  cavity  of 
the  adipose  vesicle,  and  its  place  is  taken  by  a  watery  serum ;  but 
the  serous  and  oily  fluids  always  remain  distinct,  and  occupy  differ- 
ent parts  of  the  cavity  of  the  vesicle. 

In  the  chyle,  the  oleaginous  matter  is  in  a  state  of  emtthion  or 
suspension  in  the  form  of  minute  particles  in  a  serous  fluid.     Its 

subdivision  is  here  more  corn- 
Fig-  1^-  plete,  and  its  molecules  more 
minute,  than  anywhere  else 
in  the  body.  It  presents  the 
appearance  of  a  fine  granular 
dust,  which  has  been  known 
by  the  name  of  the  "molecu- 
lar base  of  the  chyle.'*  A 
few  of  these  granules  are  to 
be  seen  which  measure  TTyiifiy 
of  an  inch  in  diameter ;  but 
they  are  generally  much  less 
than  this,  and  the  greater  part 
are  so  small  that  they  cannot 
be  accurately  measured,  (Tig. 
10.)  For  the  same  reason 
they  do  not  present  the  bril- 
liant centre  and  dark  border  of  the  larger  oil-globules ;  but  appear 
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by  transmitted  light  only  as  minute  dark  granules.  The  white 
color  and  opacity  of  the  chyle,  aa  of  all  other  fatty  emulsions, 
depend  upon  this  molecular  condition  of  the  oily  ingredients.  The 
albumen,  salts,  &c.,  which  are  in  intimate  union  with  each  other, 
and  in  solution  in  the  water,  would  alone  make  a  colorless  and 
transparent  fluid;  but  the  oily  matters,  suspended  in  distinct  par- 
ticles, which  have  a  different  refractive  power  from  the  seroua  fluid, 
interfere  with  its  transparency 
and  give  it  the  white  color  and 
opaque  apj>earancQ  which  are 
characterii?tic  of  emulsions. 
The  oleaginous  nature  of  these 
^particles  is  readily  shown  by 
Iheir  solubility  in  ether* 

In  the  milk,  the  oily  matter 
occurs  in  larger  masses  than 
in  the  chyle.  In  cow^s  milk 
(Fig.  11),  these  oil-drops,  or 
''milk-globules/'  are  not  quite 
fluid,  but  have  a  pasty  con- 
Bncy,  owing  to  the  large 
|uantity  of  margarine  which 

acy  contain,  in  proportion  to 

tie  oleine.      When  forcibly  amalgamated  with  each  other  and 
cted  into  a  mass  by  prolonged  beating  or  churning,  they  con- 
ate  butter.    In  cow^s  milk, 
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the  globules  vary  somewhat 
size,  but  their  average 
liameter  is  ^^yV^  <^f  ^^  inch. 
They  are  simply  suspended 
the  serous  fluid  of  the 
iilk»  and  are  not  covered 
rith  any  albuminous  mem-  ( 
l>rane. 
In  the  cells  of  the  laryn- 
x\f  tracheal,  and  costal  car- 
(Fig.  12),  there  is 
Iways  more  or  less  fat  de- 
iited  in  the  form  of  rounded 
^[lobules,  somewhat  similar  to 
of  the  milk. 


Fig.  12. 
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In  the  glandular  cells  of  the  liver,  oil 


state  of  health. 


Fig.  13. 


Hepatic  Cklls.    HnmitiL. 


occurs  constantly,  in  a 
It  is  here  deposited  in  the  substance  of  the  cell 
(Fig.l3)^geoerally  in  smaller 
globules  than  the  precedinsj. 
In  some  cases  of  disease,  it 
accumulates  in  excessive 
quantity,  and  produces  the 
state  known  as  fatty  degene- 
ration of  the  liver.  This  is 
consequently  only  an  ex- 
aggerated condition  of  that 
which  normally  exists  in 
health. 

In  the  carnivorous  animals 
oil  exists  in  considerable 
quantity  in  the  convoluted 
portion  of  the  uriniferous 
tubules.  (Fig.  14,)  It  h  here 

in  the  form  of  granules  and  rounded  drops,  which  sometimes  appear 

to  fill  nearly  the  whole  calibre  of  the  tubules. 

It  is  found  also  in  the  secreting  cells  of  the  sebaceous  and  other 

glandules,  deposited  in  the 
^*^'  ^^'  same  manner  as  in  those  of 

the  liver,  but  in  smaller 
quantity.  It  exists^  beside, 
in  large  proportion,  in  a 
granular  form,  in  the  secre- 
tion of  the  sebaceous  gland- 
ules. 

It  occurs  abundantly  in 
the  marrow  of  the  bones^ 
both  under  the  form  of  free 
oil-globules  and  inclosed  in 
the  vesicles  of  adipose  tissue. 
It  is  found  in  considerable 
quantity  in  the  substance  of 
the  yellow  wall  of  the  corpus 
luteum,  and  is  the  immediate 

cause  of  the  peculiar  color  of  this  Ixnly. 

It  occurs  also  in  the  form  of  granules  and  oil*drops  in  the 

muscular  fibres  of  the  uterus  (Fig.  15),  in  which  it  begins  to  be 
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[deposited  sooa  after  delivery,  and  where  it  continues  to  be  present 
during  the  whole  period  of  the  resorption  or  involution  of  this  organ. 
In  all  these  instances,  the  oleaginous  niatters  remain  distinct  in 
fomi  and  situation  from  the 

pother  ingredients  of  the  ani- 
frame,  and  are  only  me- 
lically  entangled  among 

[its  fibres  and  cells,  or  im- 
bedded   separately   in  their 

I  interior. 

A  large  part  of  the  fat 

[which  is  found  in  the  body 

;  may  be  accounted  for  by  that 

^  which  is  taken  in  with  the 
food,  since  oily  matter  occurs 
in  both  animal  and  vegetable 

1  substances.    Fat  is,  however, 

[formed  in  the  body,  independ* 
ently  of  what  is  introduced 
with    the    food.      This    im- 

I  portant  fact  has  been  definitely  ascertained  by  the  experimente  of 
MM,  Dumas  and  Milne-Edwards  on  bees,'  M.  Persoz  on  geese,*  and 
finally  by  those  of  M.  Boussingault  on  geese,  ducks,  and  pigs.^    The 

I  observers  first  ascertained  the  quantity  of  fat  existing  in  the  whole 
body  at  the  commencement  of  the  experiment.  The  animals  were 
then  subjected  to  a  defiuite  nutritious  regimen,  in  which  the 
quantity  of  fatty  matter  was  duly  ascertained  by  analysis^  The 
experiments  lasted  for  a  period  varying,  in  diflerent  institnces,  from 
thirty  one  days  to  eight  months;  after  which  the  animals  were 
killed  and  all  their  tissues  examined.  The  result  of  these  investi- 
gations showed  that  considerably  more  fat  had  been  accumulated 
by  the  animal  during  the  course  of  the  experiment  than  could  be 

I  accounted  for  by  that  which  existed  in  the  food ;  and  placed  it 

[beyond  a  doubt  that  oleaginous  substances  may  be,  and  actually 
,  formed  in  the  interior  of  the  animal  body  by  the  decompositiou 
^metamorphosis  of  other  proximate  principles. 
It  is  not  known  from  what  proximate  principles  the  fat  is  pro- 

iduoeJ,  when  it  originates  in  this  way  in  the  interior  of  the  boJy, 
Particular  kinds  of  food  certainly  favor  its  production  and  accu» 
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mulatioQ  to  a  considerable  degree.  It  is  well  known,  for  instance, 
that  in  sugar-growing  countries,  as  in  Louisiana  and  the  West 
Indies,  during  the  few  weeks  occupied  in  gathering  the  cane  and 
extracting  the  sugar,  all  the  negroes  employed  on  the  plantations, 
and  even  the  horses  and  cattle,  that  are  allowed  to  feed  freely  on 
the  saccharine  juices,  grow  remarkably  fat;  and  that  they  again  lose 
their  superabundant  flesh  when  the  season  is  past  Even  in  these 
instances,  however,  it  is  not  certain  whether  the  saccharine  substances 
are  directly  converted  into  fat^  or  whether  they  are  first  assimilated 
and  only  afterward  supply  the  materials  for  its  production.  The 
abundant  accumulation  of  fat  in  certain  regions  of  the  body,  and  its 
absence  in  others ;  and  more  particularly  its  constant  occurrence  in 
certain  situations  to  which  it  could  not  be  transported  by  the  blood, 
as  for  example  the  interior  of  the  cells  of  the  costal  cartilage^  the 
substance  of  the  muscular  fibres  of  the  uterus  after  parturition,  &c., 
make  it  probable  that  under  ordinary  conditions  the  oily  matter  is 
formed  by  decomposition  of  the  tissues  upon  the  very  spot  where 
it  subsequently  makes  its  appearance. 

In  the  female  during  laeUition  a  large  part  of  the  oily  matter 
introduced  with  the  fbod,  or  formed  in  the  body,  is  discharged  with  - 
the  milk,  and  goes  to  the  support  of  the  infant.  But  in  the  female 
in  the  intervals  of  lactation,  and  in  the  male  at  all  times,  the  oily 
matters  almost  entirely  disappear  by  decomposition  in  the  interior 
of  the  body;  since  the  small  quantity  which  is  discharged  with  the 
sebaceous  matter  by  the  skin  bears  only  an  insignificant  proportion 
to  that  which  is  introduced  daily  with  the  food. 

The  most  important  characteristic,  in  a  physiological  point  of 
view,  of  the  proximate  principles  of  the  second  class,  relates  to  their 
origin  and  their  final  destination.  Not  only  are  they  all  of  a  purely 
organic  origin,  making  their  appearance  first  in  the  interior  of  vege- 
tables ;  but  the  sugars  and  the  oils  are  formed  also,  to  a  certain  ex- 
tent, in  the  bodies  of  animals ;  continuing  to  make  their  appearance 
when  no  similar  substances,  or  only  an  insufBcient  quantity  of  them, 
have  been  taken  with  the  food.  Furthermore,  when  introduced 
with  the  food,  or  formed  in  the  body  and  deposited  in  the  tissues, 
these  substances  do  not  reappear  in  the  secretions.  They,  therefore, 
for  the  most  part  disappear  by  decomposition  in  the  interior  of  the 
body.  They  pass  through  a  scries  of  changes  by  which  their  es- 
sential characters  are  destroyed ;  and  they  are  finally  replaced  in 
the  circulation  by  other  substances,  which  are  discharged  with  the 
excreted  fluids. 
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CHAPTER    IV, 


PROXIMATE  PRINCIPLES  OF  THE  THIRD  CLASS. 


The  substances  belonging  to  this  class  are  very  important,  and 
form  by  far  the  greater  part  of  the  entire  mass  of  the  body.  They 
are  derived  both  from  animal  and  vegetable  sources.  They  have 
been  known  by  the  name  of  the  "protein  compounds'*  and  the 
"  albuminoid  substances."  The  name  organic  subslances  was  given 
to  them  by  Bobin  and  Verdeil,  by  whom  their  distinguishing  pro- 
perties were  first  accurately  described.  They  have  not  only  an 
organic  origin,  in  common  with  the  proximate  principles  of  the 
second  class,  but  their  chemical  constitution,  their  physical  struc- 
ture and  characters,  and  the  changes  which  they  undergo,  are  all  so 
4ifierent  from  those  met  with  in  any  other  class,  that  the  term  "  or- 
ganic substances"  proper  appears  particularly  appropriate  to  them. 
Their  first  peculiarity  is  that  they  are  not  crystallizable.  They 
always^  when  pure,  assume  an  amorphous  condition,  which  is  some- 
times solid  (organic  substance  of  the  bones),  sometimes  fluid  (albu* 
men  of  the  blood),  and  sometimes  semi-solid  in  consistency,  midway 
between  the  solid  and  fluid  condition  (organic  substance  of  the 
muscular  fibre). 

Their  chemical  constitution  differs  from  that  of  bodies  of  the 
second  class,  first  in  the  fact  that  they  all  contain  the  four  chemical 
elements,  oxygen,  hydrogen,  carbon,  and  nitrogen;  while  the 
starches^  sugars,  and  oils  are  destitute  of  the  last  named  ingredient. 
The  organic  matters  have  therefore  been  sometimes  known  by  the 
name  of  the  ''nitrogenous  substances,"  while  the  sugars,  starch,  and 
oils  have  been  called  "  non-nitrogenous."  Some  of  the  organic  mat- 
ters, viz.,  albumen,  fibrin,  and  casein,  contain  sulphur  also,  as  an  in- 
^jgredient ;  and  others,  viz.,  the  coloring  matters,  contain  iron.  The 
&mainder  consist  of  oxygen,  hydrogen,  carbon,  and  nitrogen  alone. 
The  most  important  peculiarity,  however,  of  the  organic  sub- 
QoeSp  relating  to  their  chemical  composition,  is  that  it  is  not 
inite.  That  is  to  say,  they  do  not  always  contain  precisely  the 
same  proportions  of  oxygen,  hydrogen,  carbon,  and  nitrogen ;  but 
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the  relative  quantities  of  these  elements  vary  within  certain  limit 
in  different  individuals  and  at  different  times,  without  modifying,  ic 
any  essential  degree,  the  peculiar  properties  of  the  animal  matters 
which  they  constitute.     This  fact  is  altogether  a  special  one,  andl 
characteristic  of  organic  substances.  No  substance  having  a  definitej 
chemical  composition,  like  phosphate  of  lime,  starch,  or  olein,  caul 
suffer  the  slightest  change  in  its  ultimate  constitution  without  being, 
by  .that  fact  alone,  totally  altered   in  its  essential  properties.     If 
phosphate  of  lime,  for  example,  were  to  lose  one  or  two  equivalents 
of  oxygen,  an  entire  destruction  of  the  salt  would  necessarily  result^ 
and  it  would  cease  to  be  phosphate  of  lime.    For  its  properties  as  aJ 
ilt  depend  entirely  upon  its  ultimate  chemical  constitution;  and  if| 
ae  latter  be  changed  in  any  way,  the  former  are  necessarily  lost. 
But  the  properties  which  distinguish  the  organic  substances,  and 
which  make  them  important  as  ingredients  of  the  body,  do  not^ 
depend  immediately  upon  their  ultimate  chemical  constitution,  and] 
are  of  a  peculiar  character ;  being  such  as  are  only  manifested  inl 
the  interior  of  the  living  organism.     Albumen,  therefore,  thougli' 
it  may  contain  a  few  equivalents  more  or  less  of  oxygen  or  nitrogen, 
does  not  on  that  account  cease  to  be  albumen^  so  long  as  it  retains 
its  fluidity  and  its  aptitude  for  undergoing  the  processes  of  absorp- 
tion and  transformation,  which  characterize  it  as  an  ingredient  of 
the  living  body. 

It  is  for  this  reason  that  considerable  discrepancy  has  existed  at  ] 
various  times  among  chemists  as  to  the  real  ultimate  composition 
of  these  substances,  different  experimenters  often  obtaining  differ- 
ent analytical  results.  This  is  not  owing  to  any  inaccuracy  in  thej 
analyses,  but  to  tlie  fact  that  the  organic  substance  itself  really  has 
a  diflerent  ultimate  constitution  at  different  times.  The  most  ap- 
proved formulae  are  those  which  have  been  established  by  Liebig 
for  the  following  substances: — 

Fibrin =  Cj, 

Alhumeti         .         .         ,         , 
Casein 

Owing  to  the  above  mentioned  variations,  however,  the  same 
degree  of  importance  docs  not  attach  to  the  quantitative  ultimate 
analysis  of  an  organic  matter,  as  to  that  of  other  substances. 

This  absence  of  a  definite  chemical  constitution  in  the  organic  sub- 
stances is  undoubtedly  connected  with  their  incapacity  for  crystalli- 
sation.  It  is  also  connected  with  another  almost  equally  peculiar 
fact,  viz.,  that  although  the  organic  substances  unite  with  acids  and 
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witli  alkalies,  they  do  not  play  the  part  of  an  acid  towards  the  base, 
or  of  a  baae  towards  the  acid ;  for  the  acid  or  alkaline  reaction  of 
the  substance  employed  is  not  neutralized^  but  remains  as  strong 
after  the  combination  as  before.  Futhermore,  the  union  does  not 
take  place^  so  far  as  can  be  ascertained,  in  any  definite  proportions. 
The  organic  substances  have,  in  fact,  no  combining  equivalent ;  and 
their  molecular  reactions  ami  the  changes  which  they  undergo  in 
the  body  cannot  therefore  be  expressed  by  the  ordinary  chemical 
phrases  which  are  adapted  to  inorganic  substances.  Tlieir  true 
characters,  as  proximate  principles,  are  accordingly  to  be  sought 
for  in  other  properties  than  those  •which  depend  upon  their  exact 
ultimate  composition* 

One  of  these  characters  is  that  they  are  hygrmcopic.  As  met  with 
in  diflferent  parts  of  the  body,  they  present  different  degrees  of  con* 
sistency ;  some  being  nearly  solid,  others  more  or  leas  fluid.  But  on 
being  subjected  to  evaporation  they  all  lose  water,  and  are  reduced 
to  a  perfectly  solid  form.  If  after  this  desiccation  they  be  exposed 
to  the  contact  of  moisture,  they  again  absorb  water,  swell,  and 
regain  their  original  mass  and  consistency.  This  phenomenon  is 
quite  different  from  that  of  capillary  attraction,  by  which  some  iu> 
organic  substances  become  moistened  when  exposed  to  the  contact 
of  water;  for  in  the  latter  case  the  water  is  simply  entangled  me- 
chanically in  the  meshes  and  pores  of  the  inorganic  body,  while  that 
which  is  absorbed  by  the  organic  matter  is  actually  united  with  its 
substance,  and  diffused  equally  throughout  its  entire  mass.    Every 

E organic  matter  is  naturally  united  in  this  way  with  a  certain  quantity 
of  water^  some  more  and  some  less.  Thus  the  albumen  of  the  blood 
is  in  union  with  so  much  water  that  it  has  the  fluid  form,  while  the 
organic  substance  of  cartilage  contains  less  and  is  of  a  firmer  con- 
sistency. The  quantity  of  water  contained  in  each  organic  sub- 
Btanne  may  be  diminished  by  artificial  desiccation,  or  by  a  deficient 
Bupply ;  but  neither  of  them  can  be  made  to  take  up  more  than  a 
certain  amount.  Thus  if  the  albumen  of  the  blood  and  the  organic 
substance  of  cartilage  be  both  reduced  by  evaporation  to  a  similar 
degree  of  dryness  and  then  placed  in  water,  the  albumen  will  absorb 
so  much  as  again  to  become  fluid,  but  the  cartilaginous  substance 
only  so  much  as  to  regain  its  usual  nearly  solid  consistency.  Even 
where  the  organic  substance,  therefore,  as  in  the  case  of  albumen, 
^becomes  fluid  under  these  circumstances,  it  is  not  exactly  a  solution 
of  it  in  water,  but  only  a  reabsorption  by  it  of  that  quantity  of  fluid 
with  which  it  is  naturally  associated* 
6 
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Another  peculiar  phenomenon  characteristic  of  organic  substances 
IS  their  coagulation.  Those  which  are  naturally  fluid  suddenly  as- 
sume, under  certain  conditions,  a  solid  or  semi-solid  consistency. 
They  are  then  said  to  be  coagulated ;  and  after  coagulation  they 
cannot  be  made  to  resume  their  original  condition.  Thus  fibrin 
coagulates  on  being  withdrawn  from  the  bloodvessels,  albumen  on 
being  subjected  to  the  temperature  of  boiling  water^  casein  on  being 
placed  in  contact  with  an  acid.  When  an  organic  substance  thus 
coagulates,  the  change  which  takes  place  is  a  peculiar  one,  and  has 
no  resemblance  to  the  precipitation  of  a  solid  substance  from  a 
watery  solution.  On  the  contrary,  the  organic  substance  merely 
assumes  a  special  condition ;  and  in  passing  into  the  solid  form  it 
retains  all  the  water  with  which  it  was  previously  united.  Albumen, 
for  example,  after  c^Tagulation,  retains  the  same  quantity  of  water  in 
union  with  it,  which  it  held  before.  After  coagulation,  accordingly, 
this  water  may  be  driven  off  by  evaporation,  in  the  same  manner 
as  previously  ;  and  on  being  again  exposed  to  moisture,  the  organic 
matter  will  again  absorb  the  same  quantity,  though  it  will  not  re- 
sume the  fluid  form. 

By  coagulation,  an  organic  substance  is  permanently  altered ;  and 
though  it  may  be  afterwards  dissolved  by  certain  chemical  re-agents, 
as,  for  example,  the  caustic  alkalies,  it  is  not  thereby  restored  to  its 
original  condition,  but  only  sufters  a  still  further  alteration. 

In  many  instances  we  are  obliged  to  resort  to  coagulation  in 
order  to  separate  an  organic  substance  from  the  other  proximate 
principles  with  which  it  is  associated.  This  is  the  case,  for  example, 
with  the  fibrin  of  the  blood,  which  is  obtained  in  the  form  of  floe* 
culi,  by  beating  freshly-drawn  blood  with  a  bundle  of  rods.  But 
when  separated  in  this  way  it  is  already  in  an  unnatural  condition, 
and  no  longer  represents  exactly  the  original  fluid  fibrin,  as  it  ex- 
isted in  the  circulating  blood.  Nevertheless,  this  is  the  only  mode 
in  which  it  can  be  examined,  as  there  are  no  means  of  bringing  it 
back  to  its  previous  condition. 

Another  important  property  of  the  organic  aubstances  is  that 
they  readily  excite,  in  other  proximate  principles  and  in  each  other, 
those  peculiar  indirect  chemical  changes  which  are  termed  mtali/aes 
or  catalytic  tram/ormaiions.  That  is  to  say,  they  produce  the  changes 
referred  to,  not  directly,  by  combining  with  the  substance  which 
suffers  alteration,  or  with  any  of  its  ingredients ;  but  simply  by  their 
presence  which  induces  the  chemical  change  in  an  indirect  manner. 
Thus,  the  organic  substances  of  the  intestinal  fluids  induce  a  cata- 
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lytic  action  by  which  starch  is  converted  into  sugar.  The  albumen 
of  the  blood,  by  contact  with  the  organic  substance  of  the  muscular 
fibre,  is  transformed  into  a  substance   similar  to  it.     The  entire 

•  process  of  nutrition,  so  far  as  the  organic  matters  are  concerned^ 
insists  of  such   catalytic  transformations.      Many  crystallizable 
snbstaoces,  which  when  pure  remain  unaltered  in  the  air,  become 

Lchanged  if  miogled  with  organic  substances,  even  in  small  quantity, 
ms  the  casein  of  milk,  after  being  exposed  for  a  short  time  to  a 
warm  atmosphere,  becomes  a  catalytic  body,  and  converts  the  sugar 
of  the  milk  into  lactic  acid.  In  this  change  there  is  no  loss  nor 
addition  of  any  chemical  element,  since  lactic  acid  has  precisely  the 
same  ultimate  composition  with  sugar  of  milk.      It  is  simply  a 

I  transformation  induced  by  the  presence  of  the  casein.  Oily  matters, 
which  are  entirely  unalterable  when  pure,  readily  become  rancid  at 
warm  temperatures,  if  mingled  with  an  organic  impurity. 

Fourthly,  The  organic  substances,  when  begiuning  to  undergo 
decay,  induce  in  certain  other  substances  the  phenomena  of  fer- 

^mtnlation.  Thus,  the  mucus  of  the  urinary  bladder,  after  a  short 
exposure  to  the  atmosphere,  causes  the  urea  of  the  urine  to  be  con- 
verted into  carbonate  of  ammonia,  with  the  development  of  gaseous 
bubbles.  The  organic  matters  of  grape  juice,  under  similar  circum- 
stance give  rise  to  fermentation  of  the  sugar,  by  which  it  is  con- 

\  Terted  into  alcohol  and  carbonic  acid. 

Fifthly,  The  organic  substances  arc  the  only  ones  capable  of 
undergoing  the  process  of  putrefaction.  This  process  is  a  compli- 
cated one,  and  is  characterized  by  a  gradual  liquefaction  of  the  ani- 
mal substance,  by  many  mututJ  decompositions  of  the  saline  matters 
which  are  associated  with  it.  and  by  the  development  of  peculiarly 
fetid  and  unwholesome  gases,  among  which  are  carbonic  acid, 
nitrogen,  sulphuretted,  phosphoretted,  and  carburetted  hydrogen, 
and  amraoniacal  vapors.  Putrefaction  takes  place  constantly  after 
death,  if  the  organic  tissue  be  exposed  to  a  moist  atmosphere  at  a 
moderately  warm  temperature.  It  is  much  hastened  by  the  presence 
of  other  organic  substances,  in  which  decomposition  has  already 
commenced. 

The  organic  substances  are  readily  distinguished,  by  the  above 
general  characters,  from  all  other  kinds  of  proximate  principles. 
They  are  quite  numerous;  ne^y  every  animal  fluid  and  tissue 
containing  at  least  one  which  is  peculiar  to  itself.     They  have  not 

,  as  yet  been  all  accurately  described.     The  following  list,  however, 
[>Qiprises  the  most  important  of  them,  and  those  with  which  we  are 
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at  present  most  tlioroughly  acquainted.    The  first  seven  are  fluids 
or  nearly  so,  and  either  colorless  or  of  a  faint  yellowish  tinge. 

1.  Fibrin. — Fibrin  is  found  in  the  blood ;  where  it  exists,  in  the 
human  subject,  in  the  proportion  of  two  to  three  parts  per  thousand* 
It  is  fluid,  and  mingled  intimately  with  the  other  ingredients  of  the 
blood.  It  occurs  also»  but  in  much  smaller  quantity,  in  the  lymph. 
It  is  distinguished  by  what  is  called  its  "  spontaneous"  coagulation ; 
that  is,  it  coagulates  on  being  withdrawn  from  the  vessels,  or  on  the 
occurrence  of  any  stoppage  to  the  circulation*  It  is  rather  mora 
abundant  in  the  blood  of  some  of  the  lower  animals  than  in  that  of 
th  human  subject.  In  general,  it  is  found  in  larger  quantity  in 
the  blood  of  the  licrbivora  thun  in  that  of  the  cami  vora. 

2.  Albumen.^ — ^Albumen  occurs  in  the  blood,  the  lymph,  the 
fluid  of  the  pericardium,  and  in  that  of  the  serous  cavities  gene- 
rally. It  is  also  present  in  the  fluid  which  may  be  extracted  by 
pressure  from  the  muscular  tissue.  In  the  blood  it  occurs  in  the 
proportion  of  about  seventy-five  part^  per  thousimd.  The  white  of 
egg»  which  usually  goes  by  the  same  name,  is  not  identical  with  the 
albumen  of  the  blood,  though  it  resembles  it  in  some  respects;  it  is 
properly  a  secretion  from  the  mucous  membrane  of  the  fowl's  ovi- 
duct, and  should  be  considered  as  a  distinct  organic  substance* 
Albumen  coagulates  on  being  raised  to  the  temperature  of  l<iO^  F4 
and  the  coagulum,  like  that  of  all  the  other  proximate  principles,  is 
soluble  in  caustic  potassa.  It  coagulates  also  by  contact  with  alco- 
hol, the  miDcral  acids,  ferrocyanide  of  potasi^iura  in  an  acidulated 
solution,  tannin,  and  the  metallic  salts.  The  alcoholic  coagulum^  if 
separated  from  the  alcohol  by  washing,  docs  not  redissolve  in  water. 
A  very  small  quantity  of  albumen  has  been  aometimes  found  in  the 
saliva. 


3,  Casein. — ^This  substance  exists  in  milk,  in  the  proportion  of 
about  forty  parts  per  thousand.  It  coagulates  by  contact  with  all 
the  acids,  mineral  and  organic ;  but  is  not  affected  by  a  boiling 
temperature.  It  is  coagulated  also  by  the  juices  of  the  stomach. 
It  is  important  as  an  article  of  food,  being  the  principal  organic 
ingredient  in  all  the  preparations  of  milk.  In  a  coagulated  form, 
it  constitutes  the  different  varieties  of  cheese,  which  are  more  or 
less  highly  flavored  with  various  oily  matters  remaining  entangled 
in  the  coagulated  casein. 
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Wliat  is  called  vegetable  caaeia  or  "legumine,"  is  different  from 
(tbe  casein  of  milk,  and  constitutes  the  organic  substance  present  ia 
rarious  kinds  of  peas  and  beans. 

*L  Globulike,— This  is  the  organic  substance  forming  the  prin- 
ipal  mass  of  the  red  globules  of  the  blood.  It  is  nearly  fluid  in 
natural  condition,  and  readily  dissolves  in  water.  It  does  not 
lissolve,  however,  in  the  serum  of  the  blood ;  and  the  globules, 
aerefore,  retain  their  natural  form  and  consistency^  unless  the 
Brum  be  diluted  with  an  excess  of  water,  Glvibuline  resembles 
Ibumen  in  coagulating  at  the  temperature  of  boiling  water.  It  is 
ud  to  differ  from  it>  however,  in  not  being  coagulated  by  contact 
ith  alcohol. 

5.  Pepsine.^ — This  substance  occurs  as  an  ingredient  in  the  gas- 
tric juice.     It  is  not  the  same  substance  which  Schwann  extracted 
by  raaccratioa  from  the  mucous  membrane  of  the  stomach,  and 
rhich  is  regarded  by  Robin,  Bernard,  ko^  as  only  an  artificial  pro- 
luct  of  the  alteration  of  the  gastric  tissues.    There  seems  no  good 

3a,  furthermore,  why  we  should  not  designate  by  this  name  tbe 
lie  substance  which  really  exists  in  the  gastric  juice.    It  occurs 
fluid  in  very  small  quantity,  not  over  lifteen   parts  per 
bousand.    It  is  coagulable  by  heat,  and  also  by  contact  with  aleo- 
jI.     But  if  the  alcoholic  coagulum  be  well  washed,  it  is  again 
:)Iuble  in  a  watery  acidulated  fluid, 

6.  Pavcreatinb. — This  is  the  organic  substance  of  the  pancreatic 
lice,  where  it  occurs  in  great  abundance.  It  coagulates  by  heat, 
id  by  contact  Avith  sulphate  of  magnesia  in  excess.     In  its  natural 

oonditioQ  it  is  fluid,  but  has  a  considerable  degree  of  viscidity, 

7.  MuscosD9E  18  the  organic  substance  which  is  found  in  the  dif- 
ferent varieties  of  mucus,  and  which  imparts  to  them  their  viscidity 

ad  other  physical  characters.     Some  of  these  mucous  secretions 

are  so  mixed  with  otlier  fluids,  that  their  consistency  is  more  or  less 

liminished;  others,  which  remain  pure,  like  that  secreted  by  the 

lucous  follicles  of  the  cervix  uteris  have  nearly  a  semi-solid  con- 

istency.    But  little  is  known  with  regard  to  their  other  specific 

iracters. 

The  next  three  organic  substances  are  solid  or  semi-solid  in  con* 
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8.  OsTElNE  is  the  organic  substance  of  the  bones^  ia  which  it  is 
associated  with  a  largo  proportion  of  phosphate  of  lime.  It  exists^ 
ill  those  bone^  which  have  been  examined,  in  the  proportion  of 
about  two  hundred  parts  per  thousand.  It  is  this  substance  which 
by  long  boiling  of  the  bones  is  transformed  inUi  gelatine  or  glue. 
In  its  natural  condition,  however,  it  is  insoluble  in  water,  even  at 
the  boiling  temperature,  and  becomes  soluble  only  after  it  has  been 
permanently  altered  by  ebullition. 

9.  Cabtilagine* — This  forms  the  organic  ingredient  of  cartilage. 
Like  that  of  the  bones^  it  is  altered  by  long  boiling,  and  is  converted 
into  a  peculiar  kind  of  gelatine  termed  "chondrine,"  Chondrine 
differs  from  the  gelatine  of  bones  principally  in  being  precipitated 
by  acids  and  certain  metallic  salts  which  have  no  effect  on  the  latter. 
Cartilagine,  in  its  natural  condition,  is  very  Bolid,  and  is  closely 
united  with  the  calcareous  salts. 

10.  MuscuLlNE. — This  substance  forms  the  principal  mass  of  tlie 
muscular  fibre*  It  is  semi-solid,  and  insoluble  in  water,  but  soluble 
in  dilute  muriatic  acid,  from  which  it  may  be  again  precipitated  by 
neutralizing  with  an  alkali.  It  closely  resembles  albumen  in  its 
cljeraieai  composition,  and  like  it,  contains,  according  to  Scherer, 
two  equivalents  of  sulphur. 

The  four  remaining  organic  substances  form  a  somewhat  peculiar 
group.  They  are  the  ajhring  mailers  of  the  body.  They  exist 
always  in  small  quantity,  compared  with  the  other  ingredients,  but 
communicate  to  the  tissues  and  fluids  a  very  distinct  coloration. 
They  all  contain  iron  as  one  of  their  ultimate  elements. 

11.  ITematinb  is  the  coloring  matter  of  the  red  globules  of  the 
blood*  It  is  nearly  fluid  like  the  globuline,  and  is  united  with  it 
in  a  kind  of  mutual  solution ♦  It  is  much  less  abundant  than  the 
globuline,  and  exists  in  the  proportion  of  about  one  part  of  hiema* 
tine  to  seventeen  parts  of  globuline.  The  following  is  the  formula 
for  its  composition  which  is  adopted  by  Lehmann : — 

Hemntine =  C^H^NjOaFe. 

When  the  blood-globules  from  any  cause  become  disintegrated^  the 
hasmatine  is  readily  imbibed  after  death  by  the  walls  of  the  blood- 
vessels and  the  neighboring  part^,  staining  them  of  a  deep  red 
color.    This  coloration  has  sometimes  been  mistaken  for  an  evidence 
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of  arteritis ;  but  is  really  a  simple  effect  of  post-mortem  imbibitioa, 
as  ttbove  stated. 

12.  Melakine.^ — This  is  the  blackish-brown  coloring  matter 
which  is  found  in  the  choroid  coat  of  the  eye.  the  iris,  the  hair,  and 
more  or  less  abundantly  in  the  epidermis.  So  far  as  can  be  ascer- 
tained, the  coloring  matter  is  the  same  in  all  these  situations.  It  is 
Very  abundant  in  the  black  and  brown  races,  less  so  in  the  yellow 
and  white,  but  15  present  to  a  certain  extent  in  all.  Even  where 
the  tinges  produced  are  entirely  different,  as,  for  example,  in  brown 
and  blue  eyes,  the  coloring  matter  appears  to  be  the  same  in  cha- 
racter, and  to  vary  only  in  its  quantity  and  the  mode  of  its  arrange- 
ment; for  the  tinge  of  an  animal  tissue  does  not  depend  on  its 
local  pigTTfient  only,  but  also  on  the  muscular  fibres,  fibres  of  areolar 
tissue,  capillary  bloodvessels,  kc.  All  these  ingredients  of  the 
tissue  are  partially  transparent,  and  by  their  mutual  interlacement 
and  superposition  modify  more  or  less  the  effect  of  the  pigment 
which  is  deposited  below  or  among  them. 

Melanine  is  insoluble  in  water  and  the  dilute  acids,  but  dissolves 
slowly  in  caustic  potassa.  Its  ultimate  composition  resembles  that 
of  hcematine,  but  the  proportion  of  iron  is  smaller, 

13.  BrLlVERDlNE  is  the  coloring  matter  of  the  bile.  It  is  yellow 
by  transmitted  lights  greenish  by  reflected  light.  On  exposure  to 
the  air  in  its  natural  fluid  condition,  it  absorbs  oxygen  and  assumes 
a  bright  grass-green  color.  The  same  eflect  is  produced  by  treating 
it  with  nitric  acid  or  other  oxidizing  substances.  It  occurs  in  very 
small  quantity  in  the  bile,  from  which  it  may  be  extracted  by  pre* 
cipitating  it  with  milk  of  lime  (Robin),  from  which  it  is  afterward 
separated  by  dissolving  out  the  lime  with  muriatic  acid.  Obtained 
in  this  form,  however,  it  is  insoluble  in  water,  having  been  coagu- 
lated by  contact  with  the  calcareous  matter ;  and  is  not,  therefore, 
precisely  in  its  original  condition. 

14.  Urosacine  is  the  yellow  coloring  matter  of  the  urine.  It  con- 
sists of  tJic  same  ultimate  elements  as  the  other  coloring  matters,  but 
occurs  in  the  urine  in  such  minute  quantity,  that  the  relative  pro- 
portion of  its  elements  has  never  been  determined.  According  to 
Dr,Thudichum,'  it  is  easily  soluble  in  water,  less  so  in  ether,  and 
still  less  in  alcohol;  —  and  by  some  simple  change  in  its  compo- 
sition, probably  by  oxidation,  its  yellow  color  passes  into  a  red.  It 
readily  adheres  to  insoluble  matters  when  they  are  precipitated  from 
the  urine,  and  is*consequentIy  found  almost  always,  to  a  greater  or 

1 15ritish  Medical  Journal,  Not.  5tL,  1864 
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less  extent,  as  an  ingredient  in  urinary  calculi  formed  of  the  urat 
or  of  uric  acid.  When  the  urates  are  thrown  down  also  in  the  form 
of  a  powder,  as  a  urinary  deposit,  they  are  usually  colored  more  or 
leas  deeply,  owing  to  the  red  or  yellowish  red  urosacine  which  ia 
precipitated  with  them. 

The  organic  substances  which  exist  in  the  body  require  for  their 
production  an  abandaot  supply  of  similar  substances  in  the  foc»d. 
All  highly  nutritious  articles  of  diet,  therefore,  contain  more  or  less 
of  these  substances.  Still*  though  nitrogenous  matters  must  be 
abundantly  supplied,  under  some  form^  from  without,  yet  the  par- 
ticular kinds  of  organic  substances,  characteristic  of  the  tissues,  are 
formed  in  the  body  by  a  transformation  of  those  which  are  intro- 
duced with  the  food.  The  organic  matters  derived  from  vegetables, 
though  similar  in  their  general  characters  to  those  existing  in  the 
animal  body,  are  yet  specifically  difterent.  The  gluten  of  wheat, 
the  legumine  of  peas  and  beans,  are  not  the  same  with  animal  albu- 
men and  fibrin.  The  only  organic  substances  taken  with  animal 
foo^l,  as  a  general  rule,  are  the  albumen  of  eggs,  the  casein  of  milk, 
and  the  musculine  of  flesh ;  and  even  these,  in  the  food  of  the 
human  species,  are  so  altered  and  coagulated  by  the  process  of 
cooking,  as  to  lose  their  specific  characters  before  being  introduced 
into  the  alimentary  canal  They  are  still  further  changed  by  the 
process  of  digestion,  and  are  absorbed  under  another  form  into  the 
blood.  But  from  their  subsequent  metamorphoses  there  are  formed, 
in  the  different  parts  of  the  body,  osteine,  cartilagine,  haematine, 
globuline,  and  all  the  other  varieties  of  organic  matter  that  cba^ 
racterize  the  different  tissues.  These  varieties,  therefore,  originate 
as  such  in  the  animal  economy  by  the  catalytic  changes  which  the 
ingredients  of  the  bl(X>d  undergo  in  nutrition. 

Only  a  very  small  quantity  of  organic  matter  is  discharged 
with  the  excretions.  The  coloring  matters  of  the  bile  and  urin^ 
and  the  mucus  of  the  urinary  bladder,  are  almost  the  only  ones 
that  find  an  exit  from  the  body  in  this  >vay.  There  is  a  minute 
quantity  of  organic  matter  exhaled  in  a  volatile  form  with  the 
breath,  and  a  little  also,  in  all  probability,  from  the  cutaneous  sur- 
fiwe.  But  the  entire  quantity  so  discharged  bears  but  a  very  small 
proportion  to  that  which  is  daily  introduced  with  the  food.  The 
organic  substances,  therefore,  are  decomposed  in  the  interior  of  the 
body.  They  are  transformed  by  the  process  of  destructive  assimi- 
lation, and  their  elements  are  finally  eliminated  and  discharged 
under  other  forms  of  combination. 
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CJHAPTER    V. 

OF  FOOD. 

Under  the  term  "  food"  are  included  all  those  substances,  solid 
and  liquid,  which  are  necessary  to  sustain  the  process  of  nutrition. 
The  first  act  of  this  process  is  the  absorption  from  without  of  all 
those  materials  which  enter  into  the  composition  of  the  living  frame, 
or  of  others  which  may  be  converted  into  them  in  the  interior  of 
the  body. 

The  proximate  principles  of  the  first  class,  or  the  "inorganic 
substances,"  require  to  be  supplied  in  sufficient  quantity  to  keep  up 
the  natural  proportion  in  which  they  exist  in  the  various  solids  and 
fluids.  As  we  have  found  it  to  be  characteristic  of  these  substances, 
except  in  a  few  instances,  that  they  suffer  no  alteration  in  the  in- 
terior of  the  body,  but,  on  the  contrary,  are  absorbed,  deposited  in 
its  tissue,  and  pass  out  of  it  afterward  unchanged,  nearly  every  one 
of  them  requires  to  be  present  under  its  own  proper  form,  and  in 
sufficient  quantity  in  the  food.  The  alkaline  carbonates,  which 
are  formed,  as  we  have  seen,  by  a  decomposition  of  the  malates, 
citrates  and  tartrates,  constitute  almost  the  only  exception  to  this 
rule. 

Since  water  enters  so  largely  into  the  composition  of  nearly  every 
part  of  the  body,  it  is  equally  important  as  an  ingredient  of  the 
food.  In  the  case  of  the  human  subject,  it  is  probably  the  most 
important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  suffers  more  rapidly  when  entirely  deprived  of 
fluids^  than  when  the  supply  of  solid  food  only  is  withdrawn.  A 
man  may  pass  eight  or  ten  hours,  for  example,  without  solid  food, 
and  suffer  little  or  no  inconvenience;  but  if  deprived  of  water  for 
the  same  length  of  time,  he  becomes  rapidly  exhausted,  and  feels 
the  deficiency  in  a  very  marked  degree.  Magendie  found,  in  his 
experiments  on  dogs  subjected  to  inanition,^  that  if  the  animals 

1  Comptes  Rendus,  vol.  xiii.  p.  256. 
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were  supplied  witli  water  alone  tliey  lired  six,  eight,  and  even  ten 
days  longer  than  if  tbey  were  deprived  at  tbe  same  time  of  both 
solid  and  liquid  food.  Chloride  of  sodium,  also,  is  usually  added 
to  the  food  in  considerable  quantity,  and  requires  to  be  supplied 
with  tolerable  regularity ;  hut  the  remaining  inorganic  materials, 
such  as  calcareous  salts,  the  alkaline  phosphates,  Ac,  occur  natu- 
rally in  sufficient  quantity  in  most  of  the  articles  which  are  used  as 
food. 

The  proximate  principles  of  the  second  class,  so  far  as  they  con- 
stitute ingredients  of  the  food,  are  naturally  divided  into  two 
groups :  1st,  the  sugar,  and  2d,  the  oily  matters.  Since  starch  is 
always  converted  into  sugar  in  the  process  of  digestion,  it  may  be 
included,  as  an  alimentary  substance,  in  the  same  gcoup  with  the 
sugars.  There  is  a  natural  desire  in  the  human  species  for  botli 
saccharine  and  oleaginous  food.  In  the  purely  carnivorous  animal^ 
however,  though  no  starch  or  sugar  l>e  taken,  yet  the  body  is  maia- 
tained  in  a  healthy  condition.  It  has  been  supposed,  therefore,  that 
saccharine  matters  could  not  be  absolutely  necessary  as  food;  the 
more  so  since  it  has  been  found,  by  the  experiments  of  Ch  Bernard, 
that,  in  carnivorous  animals  kept  exclusively  on  a  diet  of  flesh, 
sugar  is  still  formed  in  the  liver,  as  well  as  in  the  mammary  gland. 
The  above  conclusion,  however,  which  has  been  drawn  from  these 
facts,  does  not  apply  practically  to  the  human  species.  The  car- 
nivorous aniraala  have  no  desire  for  vegetable  food,  while  in  the 
human  species  there  is  a^ natural  craving  for  it.  which  is  almost 
universal.  It  may  be  dispensed  with  lor  a  few  days,  but  not  with 
impunity  for  any  great  length  of  time.  The  experiment  has  often 
enough  been  trial,  in  the  treatment  of  diabetes,  of  confining  the 
patient  to  a  strictly  anim^il  diet.  It  has  been  invariably  found  that> 
if  this  regimen  be  continued  for  some  weeks,  the  desire  for  vegetable 
food  on  the  part  of  the  patient  becomes  so  imjierative  that  the  plan 
of  treatment  is  unavoidably  abandoned. 

A  similar  question  has  also  arisen  with  regard  to  the  oleaginous 
matters.  Are  these  substances  indispensable  as  ingredients  of  the 
food,  or  may  they  be  replaced  by  other  proximate  principles,  such 
as  starch  or  sugar  ?  It  has  already  been  seen,  from  the  experiments 
of  BoussingauU  and  others,  that  a  certain  amount  of  fat  is  produced 
in  the  body  over  and  above  that  which  is  taken  with  the  food;  and 
it  appears  also  that  a  regimen  abounding  in  saccharine  substances 
is  favorable  to  the  production  of  fat.  It  is  altogether  probable, 
therefore,  that  the  materials  for  the  production  of  fat  may  be 
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detivei,  under  tbeae  circumstances,  either  directly  or  indirectly 
from  saccharine  matters*  But  succhariue  matters  aloae  are  not 
entirely  sufficient  M.  Huber'  tbougbt  he  had  demonstrated  that 
t^ees  fed  on  pure  sugar  would  produce  enough  wax  to  show  that 
the  sugar  could  supply  all  that  was  necessary  to  the  formation  of 
the  fatty  matter  uf  the  wax.  Dumas  and  Milne-Edwards,  however, 
in  repeating  Huberts  experiments/  found  that  this  was  not  the  casa. 
Bees,  fed  on  pure  sugar^  soon  cease  to  w^ork,  and  sometimes  perish 
in  considerable  numbers;  but  if  fed  with  honey,  which  contains 
some  waxy  and  other  matters  beside  the  sugar,  they  thrive  upon 
il*  and  produce,  in  a  given  time,  a  much  larger  quantity  of  fat 
than  was  contained  in  the  whole  supply  of  food. 

The  same  tiling  was  established  by  Boussingault  with  regard  to 
starchy  matters.  He  found  that  in  fattening  pigs,  though  the 
quantity  of  fat  accumulated  by  the  animal  considerably  exceeded 
that  contained  in  the  food,  yet  fat  must  enter  to  some  extent  into 
the  composition  of  the  food  in  order  to  maintain  the  animals  in  a 
good  condition ;  for  pigs,  fed  on  boiled  potatoes  alone  (an  article 
abounding  in  starch  but  nearly  destitute  of  oily  matter),  fattened 
slowly  and  with  great  dilBculty ;  while  those  fed  on  potatoes  mixed 
with  a  greasy  fluid  fattened  readily,  and  accumulated,  as  mentioned 
above,  much  more  fat  than  was  contained  in  the  fowJ. 

The  apparent  discrepancy  between  these  facts  may  be  easily  ex- 
plained, when  we  recollect  that,  in  order  that  the  animal  may  become 
fattened,  it  is  necessary  that  he  be  supplied  not  only  with  the 
materials  of  the  fat  itself,  but  also  with  everything  else  wliich  is 
necessary  to  maintain  the  body  in  a  healthy  condition.  Oleaginous 
matter  is  one  of  these  necessary  substances.  The  fats  which  are 
taken  in  with  the  food  are  not  destined  to  be  simply  transported 
into  the  body  and  deposited  there  unchanged.  On  the  contrary, 
they  are  altered  and  used  up  in  the  processes  of  digestion  and 
nutrition;  while  the  fats  which  appear  in  the  body  as  constituents 
of  the  tissues  are,  in  great  part,  of  new  formation,  and  are  produced 
from  materials  derived,  perhaps,  from  a  variety  of  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two 
groups  of  substances,  saccharine  or  oleaginous,  must  enter  into  the 
composition  of  the  food ;  and  furthermore,  that,  though  the  oily 
matters  may  sometimes  be  produced  in  the  body  from  the  sugars. 


*  l^Atnral  History  of  Bpea,  Eiiinbtirgli,  1821,  p.  330. 

*  ^analea  do  Chim*  et  dt)  Fh/s.,  3d  series,  vol*  xit.  p.  400* 
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it  is  also  necessary  for  tbe  perfect  nutrition  of  the  body  that  fat  be 
supplied,  under  its  own  form,  with  the  fmxl.  For  the  human 
species,  also,  it  is  natural  to  have  them  both  associated  in  the 
alimentary  materials.  They  occur  together  in  most  vegetable  sub- 
stances, and  there  is  a  natural  desire  for  them  both,  as  elements  of 
the  food, 

They  are  not^  however,  w^hen  alone,  or  even  associated  with  each 
other,  sufficient  for  the  nutrition  of  the  animal  body.  Magendie 
found  that  dogs,  fed  exclusively  on  starch  or  sugar,  perished  after  a 
short  time  with  symptoms  of  profound  disturbance  of  the  nutritive 
functions.  An  exclusive  diet  of  butter  or  lard  had  a  similar  effect. 
The  animal  became  exceedingly  debilitated,  though  without  much 
emaciation;  and  after  death,  ail  the  internal  organs  and  tissues 
were  found  infiltrated  with  oil.  Boussingault'  performed  a  similar 
experiment,  with  a  like  result,  upon  a  duck,  which  was  kept  upon 
an  exclusive  regimen  of  butter.  "The  duck  received  1350  to  1500 
grains  of  butter  every  day.  At  the  end  of  three  weeks  it  died  of 
inanition.  Tlie  butter  oo^cd  from  every  part  of  its  body.  The 
feathers  looked  as  though  they  had  been  steeped  in  melted  butter, 
and  the  body  exhaled  an  unwholesome  odor  like  that  of  butyric 
acid,*' 

Lehmann  was  also  led  to  the  same  result  by  some  experiments 
w^hich  he  performed  upon  himself  for  tbe  purpose  of  ascertaining 
the  efiect  produced  on  the  urine  by  different  kinds  of  food.* 
This  observer  confined  himself  first  to  a  purely  animal  diet  for 
three  weeks,  and  afterwards  to  a  purely  vegetable  one  for  sixteen 
days,  without  su fieri ng  any  marked  inconvenience.  He  then  put 
himself  upon  a  regimen  consisting  entirely  of  non-nitrogenous  sub- 
stances, starch,  sugar,  gum,  and  oil,  but  was  only  able  to  continue 
this  diet  for  two,  or  at  most  for  three  days,  owing  to  the  marked 
disturbance  of  the  general  health  w^hich  rapidly  supervened.  The 
unpleasant  symptoms,  however,  immediately  disappeared  on  his 
return  to  an  ordinary  mixed  diet.  The  same  fact  has  been  esta* 
blished  more  recently  by  Dr.  Wm.  A.  Hammond,^  in  a  series  of 
experiments  which  he  performed  upon  himself.  lie  was  enabled 
to  live  for  ten  days  on  a  diet  composed  exclusively  of  boiled  starch 
and  water.    After  the  third  day,  however,  the  general  health  began 


'  Chini1«  Agricole,  p.  16fi. 
■  Journal  ftir  priiktbcbe  Ch««mie,  vol.  xxtH.  p.  2r»7. 

*  Exp«ritneutal  Htj^ttarches,  &c.,  beiDg  tbe  Prizu  Eiimy  ottUe  Ameriaaa  Medloal 
Aflflociatton  for  1857. 
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i  deteriorate^  and  became  very  much  disturbed  before  tbe  termi- 
ziatiou  of  the  experimeut.  The  prominent  symptoms  were  debility, 
headache,  pyrosis,  and  palpitation  of  the  heart.  After  the  starchy 
diet  was  abandoned,  it  required  some  days  to  restore  the  health  to 
its  usual  condition. 

iie  proximate  principles  of  the  third  class,  or  the  organic  sub- 

inaes  proper,  enter  so  largely  into  the  constitution  of  the  animal 
tissues  and  fluid?,  that  their  importance,  as  elements  of  the  food,  is 
easily  understood.  No  food  can  be  long  nutritious,  unless  a  certain 
proportion  of  these  substances  be  present  in  it.  Since  they  are  so 
abundant  as  ingredients  of  the  body,  their  loss  or  absence  from  the 
food  is  felt  more  speedily  and  promptly  than  that  of  any  other  sub- 
stance except  water*  They  have,  therefore,  sometimes  received  the 
name  of  "nutritious  substances,"  in  contradistinction  to  those  of 
the  second  class,  which  contain  no  nitrogen,  and  which  have  been 
found  by  the  experiments  of  Magendie  and  others  to  be  insufficient 
for  the  support  of  life.  The  organic  substances,  however,  when 
taken  alone,  are  no  more  capable  of  supporting  life  indefinitely  than 
the  others.  It  was  found  in  the  experiraentfi  of  the  French  *•  Gela- 
tine Commission"'  that  animals  fed  on  pure  fibrin  and  albumen,  as 
well  as  those  fed  on  gelatine,  become,  after  a  short  time,  much  en- 
feebled, refuse  the  food  which  is  offered  to  them,  or  take  it  "v^ath 
reluctance,  and  finally  die  of  inanition.  This  result  has  been 
explained  by  supposing  that  tbese  substances,  when  taken  alone^ 
excite  after  a  time  such  disgust  in  the  animal  that  they  are  either 
no  longer  taken,  or  if  taken  are  not  digasted.  But  this  disgust 
itself  b  simply  an  indication  that  the  substances  used  are  insufficient 
and  finally  useless  as  articles  of  food,  and  that  the  system  demands 
insttnctively  other  materials  for  its  nourishment. 

The  instinctive  desire  of  animals  for  certain  substances  is  the 
surest  indication  that  they  are  in  reality  required  for  the  nutritive 
process;  and  on  the  other  hand,  the  indifference  or  repugnance 
manifested  for  injurious  or  useless  subalancea,  is  an  equal  evidence 
of  their  unfitness  as  articles  of  food.  This  repugnance  is  well  de- 
ecribed  by  Magendie,  in  the  report  of  the  commission  above  alluded 
to,  while  detailing  the  result  of  his  investigations  on  the  nutritive 
qualities  of  gelatine.  *'The  result/'  he  says,  "of  tliese  first  trials 
was  that  pure  gelatine  was  not  to  the  t^iste  of  the  dogs  experimented 
OIL    Some  of  them  suftered  the  pangs  of  hunger  with  the  gelatine 


(  Compt«ft  Reiidus,  1841,  toI.  xiU.  p.  2  '7. 
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within  tbeir  reacli,  and  would  not  touch  it ;  others  tasted  of  it,  but 
would  not  eat;  others  still  devoured  a  certain  quantity  of  it  onoe 
or  twice,  and  then  obstinately  refused  to  make  any  further  use  of  it" 

In  one  instance,  however,  MagenJic  succeeded  in  inducing  a  dog 
to  take  a  considerable  quantity  of  pure  fibrin  daily  throughout  the 
whole  course  of  the  experiment;  but  notmthstanding  this,  the 
animal  btjcame  emaciated  like  the  others,  and  died  at  last  with  the 
same  symptoms  of  inanition. 

The  alimentary  substances  of  the  second  class,  however,  vix.,  the 
sugars  and  the  oils,  have  been  sometimes  thougbt  less  important 
than  the  albuminous  matters,  because  they  do  not  enter  so  largely 
or  so  permanently  into  the  composition  of  the  solid  tissues.  The 
saccharine  matters,  when  taken  as  focMl,  cannot  be  traced  farther 
than  the  blood.  They  undergo  already,  in  the  circulating  fluid, 
some  change  by  which  their  essential  character  is  lost,  and  they 
cannot  be  any  longer  recognized.  The  appearance  of  sugar  in  the 
mammary  gland  and  the  milk  is  only  exceptional,  and  does  not 
occur  at  all  in  the  male  subject.  The  fats  are,  it  is  true,  very  gene- 
rally distributed  throughout  the  body,  but  it  is  only  in  the  brain 
and  nervous  matter  that  they  exist  intimately  united  with  the  re- 
maining ingredients  of  the  tissues.  Elsew  here,  as  al  ready  mentioned, 
they  are  deposited  in  distinct  drops  and  granules,  and  so  long  as 
they  remain  in  this  condition  must  of  course  be  inactive,  so  far  as 
regards  any  chemical  nutritive  process.  In  this  condition  they 
seem  to  be  held  in  reserve,  ready  to  be  absorbed  by  the  bloodi 
whenever  they  may  be  required  for  the  purposes  of  nutrition.  On 
being  reabsorbed*  however,  as  soon  as  they  again  enter  the  blood 
or  unite  intimately  with  the  substance  of  the  tissues,  they  at  once 
change  their  condition  and  lose  their  former  chemical  constitution 
and  properties. 

It  is  for  these  reasons  that  the  albuminoid  matters  have  been 
sometimes  considered  as  the  only  "nutritious"  substances,  because 
they  alone  constitute  under  their  own  form  a  great  part  of  the 
ingredients  of  the  tissues,  while  the  sugars  and  the  oils  rapidly  dis- 
appear by  decomposition.  It  has  even  been  assumed  that  the  pro- 
oess  by  which  the  sugar  and  the  oils  disappear  is  one  of  direct 
combustion  or  oxidation,  and  that  they  are  destined  solely  to  be 
consumed  in  this  way,  not  to  enter  at  all  into  th^  composition  of 
the  tissues  but  only  to  maintain  the  heat  of  the  body  by  an  inces- 
sant process  of  combustion  in  the  blood.  They  have  been  therefore 
termed  the  "combustible"  or  " heat*producing ^  elements,  while  the 
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buminoid  substant^ea  were  known  as  the  nutritious  or  "  plastic^' 
ments. 

This  distinctioa,  however,  has  no  real  foundatioa.    In  the  first 
ilaee,  it  is  not  at  all  certain  that  the  sugars  and  the  oils  which  dis- 
pear  in  the  body  are  destroyed  by  coiabuBtion.    This  is  merely 
an  inference  which  has  been  made  witliout  any  direct  proof.     All 
we  know  positively  in  regard  to  the  matter  is  that  these  substances 
soon  become  so  altered  in  the  blood  that  they  can  no  longer  be 
ignized  by  their  ordinary  chemical  properties ;  but  we  are  still 
orant  of  the  exact  nature  of  the  transformations  which  they 
dergo.     Furthermore,  the  diflference  between  the  sugars  and  the 
Is  on  the  one  hand,  and  the  albuminoid  substances  on  the  other, 
far  as  regards  their  decomposition  and  disappearance  in  the 
ly,  is  only  a  difference   in  time.     The  albuminoid  substances 
fome  transformed  more  slowly,  the  sugars  and  the  oils  more 
pidly.     Even  if  it  should  be  ascertained  hereafter  that  the  sugars 
d  the  oils  really  do  not  unite  at  all  with  the  solid  tissues,  but  are 
tirely  decomposed  in  the  blood,  this  would  not  make  them  any 
important  as  alimentary  substances,  since  the  blood  is  as 
ntial  a  part  of  the  body  as  the  solid  tissues,  and  its  nutrition 
ust  be  provided  for  equally  with  theirs. 

It  is  evident  therefore,  that  no  single  proximate  principle^  nor 
en  any  one  class  of  them  alone,  can  be  sufficient  for  tlie  nutrition 
the  body ;  but  that  the  food,  to  be  nourishing^  must  contain 
subfitatices  belonging  to  all  the  difterent  groups  of  proximate  prin- 
les.    The  albuminoid  substances  are  first  in  importance  because 
y  constitute  the  largest  part  of  the  entire  mass  of  the  body ;  and 
haustion  therefore  follows  more  rapidly  when  they  are  withheld 
when  the  animal  is  deprived  of  other  kinds  of  alimentary 
tter.     But  starchy  and  oleaginous  substances  are  also  requisite  ; 
1  the  body  feels  the  want  of  them  sooner  or  later,  though  it  may 
plentifully  supplied  with  albumen  and  fibrin.     Finally,  the  in- 
ic  saline  matters,  though  in  smaller  quantity,  are  also  neces- 
to  the  continuous   maintenance  of  life.     In  order  that  the 
mal  tissues  and  fluids  remain  in  a  healthy  condition  and  take 
idr  proper  part  in  the  functions  of  life,  they  must  be  supplied 
ith  all  the  ingredients  necessary  tc3  their  constitution ;  and  a  man 
lay  be  starved  to  death  at  last  by  depriving  him  of  chloride  of 
ium  or  phosphate  of  lime  just  as  surely,  though  not  so  rapidly, 
were  deprived  of  albumen  or  oil. 
le  different  kinds  of  food,  accordingly,  which  have 
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adopted  by  the  universal  and  instinctive  choice  of  man,  the  three 
diflerent  classes  of  proximate  principles  are  all  more  or  less  abund- 
antly represented.  In  all  of  them  there  exists  naturally  a  certain 
proportion  of  saline  substances ;  and  water  and  chloride  of  sodium 
are  generally  taken  with  them  in  addition.  In  milk,  the  first  food 
supplied  to  the  infant,  we  have  casein  which  is  an  albuminoid  sub- 
stance, butter  which  represents  the  oily  matters,  and  sugar  of  milk 
belonging  to  the  saccharine  group,  together  with  water  and  saline 
matters,  in  the  following  proportions : — * 

CoxpostTiox  OP  Cow's  Milk. 

Water 87.02 

Casein 4.48 

Batter 3.13 

Sngar  of  milk 4.77 

Soda 

Chlorides  of  potassinm  and  8odiam      .... 

Phosphates  of  soda  and  potassa 

Phosphate  of  lime }-  0.60 

"  magnesia 

Alkaline  carbonates 

Iron,  &c.       • 


100.00 

In  wheat  flour,  gluten  is  the  albuminoid  matter,  sugar  and  starch 
the  non-nitrogenous  principles. 

Cosiposmoir  of  Wheat  Floub. 
Gluten    ....      7.80  Gum        ....      8.80 

Starch 72.00  Water      ....     12.00 

Sugar      ....      5.40  — 

*  100.00 

The  other  cereal  grains  mostly  contain  oil  in  addition  to  the 
above. 

CoNPoeiTiox  OF  Dbibd  Oatmsal. 

starch 69.00 

Bitter  matter  and  sugar 8.25 

Gray  albuminous  matter 4.30 

Fatty  oil 2.00 

Gum 2.50 

Husk,  mixture,  and  loss 23.95 

100.00 

Eggs  contain  albumen  and  salts  in  the  white,  with  the  addition 
of  oily  matter  in  the  yolk. 

»  The  accompanying  analyses  of  various  kinds  of  food  are  taken  fh>m  Perein 
on  Food  and  Diet,  New  York,  1843. 
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COMPOBITIOV  OF  EOG8. 

White  of  Egg.  Yolk  of  Egg. 

Water  ....      80.00 63.78 

Albumen  And  mucus    .      15.28 12.75 

Yellow  oil 28.75 

Baits    ....        4.72 4.72 

100.00  100.00 

In  ordinary  flesh  or  butcher's  meat,  we  have  the  albuminoid 

matter  of  the  muscular  fibre  and  the  fat  of  the  adipose  tissue. 

Composition  ot  Obdinabt  Butohkb*s  Mkat. 

m#    *  J      -J    *  *  *  Qc  -n   S  Water 63.42 

Meat  deToid  of  fat    .        •    86.4O  <^,. ,  ^^  ^^ 

f  Solid  matter    ....     22.28 

Fat,  cellular  tissue,  &o 14.80 

100.00 

From  what  has  been  said  above,  it  will  easily  be  seen  that  the 
nutritious  character  of  any  substance,  or  its  value  as  an  article  of 
food,  does  not  depend  simply  upon  its  containing  either  one  of  the 
alimentary  substances  mentioned  above  in  large  quantity;  but  upon 
its  containing  them  mingled  together  in  such  proportion  as  is 
requisite  for  the  healthy  nutrition  of  the  body.  What  these  pro- 
portions are  cannot  be  determined  from  simple  chemical  analysis, 
nor  from  any  other  data  than  those  derived  from  direct  observation 
and  experiment. 

The  total  quantity  of  food  required  by  man  has  been  variously 
estimated.  It  will  necessarily  vary,  indeed,  not  only  with  the  con- 
stitution and  habits  of  the  individual,  but  also  with  the  quality  of 
the  food  employed ;  since  some  articles,  such  as  corn  and  meat,  con- 
tain very  much  more  alimentary  material  in  the  same  bulk  than 
fresh  fruits  or  vegetables.  Any  estimate,  therefor^,  of  the  total 
quantity  should  state  also  the  kind  of  food  used ;  otherwise  it  will 
be  altogether  without  value.  From  experiments  performed  while 
living  on  an  exclusive  diet  of  bread,  fresh  meat,  and  butter,  with 
coffee  and  water  for  drink,  we  have  found  that  the  entire  quantity 
of  food  required  during  twenty-four  hours  by  a  man  in  full  health, 
and  taking  free  exercise  in  the  open  air,  is  as  follows : — 

Meat 16  ounces  or  1.00  lb.  Avoirdupois. 

Bread 19       "       "  1.19  «  « 

Butter  or  fat  .        .        .        .  3}      "       «   0.22  "  « 

Water 52  fluid  ob.«  3.38"  " 

That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid  food, 
and  rather  over  three  pints  of  liquid  food. 
7 
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less  extent,  as  an  ingredient  in  urinary  calculi  formed  of  tbe  urates 
or  of  uric  acid.  WLen  the  urates  are  thrown  down  also  in  the  form 
of  a  powder,  as  a  urinary  deposit,  they  arc  usually  colored  more  or 
less  deeply,  owing  to  the  red  or  yellowish  red  urosacine  which  is 
precipitated  with  them. 

The  organic  substances  which  exist  in  the  body  require  for  their 
production  an  abundant  supply  of  simUar  substances  in  the  food. 
All  highly  nntritiouB  articles  of  diet,  therefore,  contain  more  or  le^ 
of  these  substances.  Still,  though  nitrogenous  matters  must  be 
abundantly  supplied,  under  some  form,  from  without,  yet  the  par- 
ticular kinds  of  organic  substances,  characteristic  of  the  tissues,  are 
formed  in  the  body  by  a  transformation  of  those  which  are  intro- 
duced with  the  ftKxL  The  organic  matters  derived  from  vegetables^ 
though  similar  in  their  general  characters  to  those  existing  in  the 
animal  body,  are  yet  specifically  different.  The  gluten  of  wheat, 
the  legumine  of  peas  and  beans,  are  not  the  same  with  animal  albu- 
men and  fibrin.  The  only  organic  substances  taken  with  animal 
food,  as  a  general  rule,  are  the  albumen  of  eggs,  the  casein  of  milk, 
and  the  musculine  of  flesh ;  and  even  these,  in  the  food  of  the 
human  species,  are  so  altered  and  coagulated  by  the  process  of 
cooking,  as  to  lose  their  specific  characters  before  being  introduced 
into  the  alimentary  canal.  They  are  still  further  changed  by  the 
process  of  digestion,  and  are  absorbed  under  another  form  into  the 
blood*  But  from  their  subsequent  metamorphoses  there  are  formed, 
in  the  difterent  parts  of  tfie  body,  osteine,  cartilagine,  hasmatiii^ 
globuline,  and  all  the  other  varieties  of  organic  matter  that  cha- 
racterize the  difterent  tissues.  These  varieties,  therefore,  originate 
as  such  in  the  animal  economy  by  the  catalytic  changes  which  th^ 
ingredients  of  the  blood  undergo  in  nutrition. 

Only  a  very  small  quantity  of  organic  matter  is  discharge!? 
with  the  excretions.  The  coloring  matters  of  the  bile  and  urin^ 
and  the  mucus  of  the  urinary  bladder,  are  almost  the  only  ones 
that  find  an  exit  from  tbe  body  in  this  way.  There  is  a  minute 
quantity  of  organic  matter  exhaled  in  a  volatile  form  with  the 
breath,  and  a  little  also,  in  all  probability,  from  the  cutaneous  sur- 
face. But  the  entire  quantity  so  discharged  bears  but  a  very  small 
proportion  to  that  which  is  daily  introduced  with  the  food.  The 
organic  substances,  therefore,  are  decomposed  ia  the  interior  of  the 
body.  They  are  transformed  by  the  process  of  destructive  assimi* 
lation,  and  their  elements  are  finally  eliminated  and  discharged 
under  other  ibrms  of  combination. 
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CJEIAPTER    V. 

OF  FOOD. 

Under  the  term  "  food"  are  included  all  those  substances,  solid 
and  liquid,  which  are  necessary  to  sustain  the  process  of  nutrition. 
The  first  act  of  this  process  is  the  absorption  from  without  of  all 
those  materials  which  enter  into  the  composition  of  the  living  frame, 
or  of  others  which  may  be  converted  into  them  in  the  interior  of 
the  body. 

The  proximate  principles  of  the  first  class,  or  the  "inorganic 
substances,"  require  to  be  supplied  in  sufficient  quantity  to  keep  up 
the  natural  proportion  in  which  they  exist  in  the  various  solids  and 
fluids.  As  we  have  found  it  to  be  characteristic  of  these  substances, 
except  in  a  few  instances,  that  they  suffer  no  alteration  in  the  in- 
terior of  the  body,  but,  on  the  contrary,  are  absorbed,  deposited  in 
its  tissue,  and  pass  out  of  it  afterward  unchanged,  nearly  every  one 
of  them  requires  to  be  present  under  its  own  proper  form,  and  in 
sufficient  quantity  in  the  food.  The  alkaline  carbonates,  which 
are  formed,  as  we  have  seen,  by  a  decomposition  of  the  malates, 
citrates  and  tartrates,  constitute  almost  the  only  exception  to  this 
rule. 

Since  water  enters  so  largely  into  the  composition  of  nearly  every 
part  of  the  body,  it  is  equally  important  as  an  ingredient  of  the 
food.  In  the  case  of  the  human  subject,  it  is  probably  the  most 
important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  suffers  more  rapidly  when  entirely  deprived  of 
fluids,  than  when  the  supply  of  solid  food  only  is  withdrawn.  A 
man  may  pass  eight  or  ten  hours,  for  example,  without  solid  food, 
and  suffer  little  or  no  inconvenience;  but  if  deprived  of  water  for 
the  same  length  of  time,  he  becomes  rapidly  exhausted,  and  feels 
the  deficiency  in  a  very  marked  degree.  Magendie  found,  in  his 
experiments  on  dogs  subjected  to  inanition,'  that  if  the  animals 

1  Comptes  Rendus,  toI.  ziii.  p.  256. 
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were  supplied  with  water  alone  they  lived  six,  eight,  and  even  ten 
daya  longer  than  if  they  were  deprived  at  the  same  time  of  both 
solid  and  liquid  food.  Chloride  of  sodium,  also,  is  usually  added 
to  the  food  in  considerable  quantity,  and  requires  to  be  supplied 
with  tolerable  regularity ;  but  tbe  remaining  inorganic  materials^ 
such  as  calcareous  salts,  the  alkaline  phosphates,  &c,»  occur  natu- 
rally in  sufficient  quantity  in  most  of  the  articles  which  are  used  as 
food. 

The  proximate  principles  of  the  second  class,  so  far  as  they  cod? 
stitute  ingredients  of  the  food,  are  naturally  divided  into  twa 
groups :  lat,  the  sugar,  and  2d,  the  oily  matters.  Since  starch  is 
always  converted  into  sugar  in  the  process  of  digestion,  it  may  be 
included,  as  an  alimentary  substance,  in  the  same  gtoup  wth  the 
sugars.  There  is  a  natural  desire  in  the  human  species  for  both 
saccharine  and  oleaginous  food.  In  the  purely  carnivorous  animals^ 
however^  though  no  starch  or  sugar  ]jg  taken,  yet  the  body  is  main- 
tained in  a  healthy  condition*  It  has  been  supposed,  therefore,  that 
saccharine  matters  could  not  be  absolutely  neceasary  as  food ;  the 
more  so  since  it  has  been  found,  by  the  experiments  of  CI.  Bernard, 
that,  in  carnivorous  animals  kept  exclusively  on  a  diet  of  flesh, 
sugar  is  still  formed  in  the  liver,  as  well  as  in  the  mammary  gland. 
The  above  conclusion,  however,  which  has  been  drawn  from  these 
facts,  does  not  apply  practically  to  the  human  species.  The  car- 
nivorous animals  have  no  desire  for  vegetable  food,  while  in  the 
human  species  there  is  a# natural  craving  for  it,  which  is  almost 
universal.  It  may  be  dispensed  with  for  a  few  days,  but  not  with 
impunity  for  any  great  length  of  time.  The  experiment  has  often 
enough  been  tried,  in  the  treatment  of  diabetes,  of  confining  the 
patient  to  a  strictly  animal  diet.  It  has  been  in%^ariably  found  that^ 
if  this  regimen  be  continued  for  some  weeks,  the  desire  for  vegetable 
food  on  the  part  of  the  patient  becomes  so  imperative  that  the  plan 
of  treatment  is  unavoidably  abandoned. 

A  similar  question  has  also  arisen  with  regard  to  the  oleaginous 
matters.  Are  these  substances  mdispensable  as  ingredients  of  the 
fixKl,  or  may  they  be  replaced  by  other  proximate  principles,  such 
as  starch  or  sugar  ?  It  has  already  been  seen,  from  the  experiments 
of  Boussingault  and  others,  that  a  certain  amount  of  fat  is  produced 
in  the  body  over  and  above  that  which  is  taken  with  the  food;  and 
it  appears  also  that  a  regimen  abounding  in  saccharine  substances 
is  favorable  to  the  production  of  fat.  It  is  altogether  probable, 
therefore,  that  the  materials  for  the  production  of  fat  may  be 
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derived,  uoder  these  circurastancea.  either  directly  or  indirectly 
from  saccharine  matters.  But  saccharine  matters  alone  are  not 
entirely  sufficient.  M,  Iluber'  thought  he  had  demonstrated  that 
bees  fed  on  pure  sugar  would  produce  enough  wax  to  show  that 
the  sugar  could  supply  all  that  was  necessary  to  the  formation  of 
the  fatty  matter  of  the  wax.  Dumas  and  Milne-Edwardsp  however, 
in  repeating  Huber  s  experiments,*  found  that  this  was  not  the  case. 
Bees,  fed  on  pure  sugar,  soon  cease  to  work,  and  sometimes  perish 
in  considerable  numbers;  but  if  fed  with  honey,  which  contains 
some  waxy,  and  other  niitttcrs  l>eside  the  sugar,  they  thrive  upon 
it;  and  produce,  in  a  given  time,  a  much  larger  quantity  of  fat 
than  was  contained  in  the  whole  supply  of  food. 

The  same  thing  was  established  by  Boussingault  with  regard  to 
starchy  matters.  He  found  that  in  fattening  pigs,  though  the 
quantity  of  fat  accumulated  by  the  animal  considerably  exceeded 
tliat  contained  in  the  food,  yet  fat  must  enter  to  some  extent  into 
the  composition  of  the  food  in  order  to  maintain  the  animals  in  a 
good  condition  j  fur  pigs,  fed  on  boiled  potatoes  alone  (an  article 
abounding  in  starch  but  nearly  destitute  of  oily  matter),  fattened 
slowly  and  with  great  difficulty ;  while  those  fed  on  potatoes  mixed 
with  a  greasy  fluid  fattened  readily,  and  accumulated,  as  mentioned 
above,  much  more  fat  than  was  contained  in  the  food. 

The  apparent  discrepancy  between  these  facts  may  be  easily  ex- 
plained, when  we  recollect  that,  in  order  that  the  animal  may  become 
fattened,  it  is  neceijsary  that  he  be  supplied  not  only  with  the 
materials  of  the  fat  itself,  but  also  with  everything  else  which  is 
necessary  to  maintain  the  boily  in  a  healthy  condition.  Oleaginous 
matter  is  one  of  these  necessary  substances.  The  fats  which  are 
taken  in  with  the  food  are  not  destined  to  bo  simply  transported 
into  the  body  and  deposited  there  unchanged.  On  the  contrary, 
they  are  altered  and  used  up  in  the  processes  of  digestion  and 
nutrition;  while  the  fats  which  apjiear  in  the  body  as  constituents 
of  the  tissues  are,  in  great  part,  of  new  formation,  and  are  produced 
from  materials  derived,  perhaps,  from  a  variety  of  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two 
groups  of  substances,  saccharine  or  oleaginous,  must  enter  into  the 
composition  of  the  food;  and  furthermore,  that,  though  the  oily 
matters  may  sometimes  be  produced  in  the  body  from  the  sugars. 


•  Nattiml  Hifitorj  of  Bp€«i,  Eflinburgh*  1821,  p.  330* 

•  Auiialt^  de  Ciiiui.  et  de  Phya.,  3d  8«Hea,  voh  xiv.  p.  400. 
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it  is  also  necessary  for  the  perfect  nutrition  of  tlie  body  thai  fat  be 
supplied,  under  its  own  form,  with  the  food.  For  the  human 
species,  also,  it  is  natural  to  have  tbera  both  associated  in  the 
alimentary  materials.  They  occur  together  in  most  vegetable  sub- 
stances, and  there  is  a  natural  desire  for  them  both,  "as  elements  of 
the  food. 

They  are  not,  however,  when  alone,  or  even  associated  with  each 
other,  sufficient  for  the  nutrition  of  the  animal  body.  Magendie 
found  that  dogs,  fed  exclusively  on  starch  or  sugar,  perished  after  a 
short  time  with  symptoms  of  profound  disturbance  of  the  nutritive 
functions.  An  exclusive  diet  of  butter  or  lard  had  a  similar  effect. 
The  animal  became  exceedingly  debilitated,  though  without  much 
emaciation;  and  after  death,  all  the  internal  organs  and  tissues 
were  found  infiltrated  with  oil.  Boussingault'  performed  a  similar 
experiment,  with  a  like  result,  upon  a  duck,  which  was  kept  upon 
an  exclusive  regimen  of  butter.  '*The  duck  received  1350  to  1500 
grains  of  butter  every  day.  At  the  end  of  three  weeks  it  died  of 
inanition.  The  butter  oozed  from  every  part  of  its  body.  The 
feathers  looked  as  though  they  bad  been  steeped  in  melted  butter, 
and  the  body  exhaled  an  unwholesome  odor  like  that  of  butyi'ic 
acid.*' 

Lehmann  was  also  led  to  the  same  result  by  some  experimenta 
w^hich  he  performed  upon  himself  for  the  purpose  of  ascertaining 
the  eflect  produced  on  the  urine  by  different  kinds  of  food.' 
This  observer  confined  himself  first  to  a  purely  animal  diet  for 
three  weeks,  and  afterwards  to  a  purely  vegetable  one  for  sixteen 
days,  without  suflfering  any  marked  inconvenience.  He  then  put 
himself  upon  a  regimen  consisting  entirely  of  non-oitrogenous  sub- 
stances, starch,  sugar,  gum,  and  oil,  but  was  only  able  to  continue 
this  diet  for  two,  or  at  most  for  three  days,  owing  to  the  marked 
disturbance  of  the  general  health  which  rapidly  supervened.  The 
unpleasant  symptoms,  however,  immediately  disappeared  on  his 
return  to  an  ordinary  mixed  diet.  The  same  fact  has  been  esta- 
blished more  recently  by  Dr.  Wm.  A.  Hammond,'  in  a  series  of 
experiments  which  he  performed  upon  himself.  He  was  enabled 
to  live  for  ten  days  on  a  diet  composed  exclusively  of  boiled  starch 
and  water.    After  the  third  day,  however,  the  general  health  began 


'  CKimi*  Agn'eole,  p.  166. 

■  Journal  fQr  praktische  CUffiil^,  vol,  xxTlf.  p,  2r»7. 

■  Exp««riin4^ntal  Rus^arclios,  &c.,  being  tLi<}  Prizv  EdSAjr  of  the  Ameiioan  Medfoal 
Association  for  1857* 
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Pfleteriorate,  and  became  very  much  disturbed  before  the  termi- 
nadoa  of  the  experiment.  The  prominent  symptoms  were  debility, 
headache,  p^Tosis,  and  palpitation  of  the  heart.  After  the  atarehy 
diet  was  abandoned,  it  required  some  days  to  restore  the  health  to 
its  usual  condition. 

The  proximate  principles  of  the  third  class,  or  the  organic  Bub- 
stances  proper,  enter  so  largely  into  the  constitution  of  the  animal 
tissues  and  fluids*,  that  their  importance,  as  elements  of  the  foud,  is 

I  easily  understood.  No  food  can  be  long  nutritious,  unless  a  certain 
proportion  of  these  substances  be  present  in  it.  Since  they  are  so 
abundant  as  ingredients  of  the  body,  their  loss  or  absence  from  the 
food  is  felt  more  speedily  and  promptly  than  that  of  any  other  sub- 
stance except  water.  They  have,  therefore,  sometimes  received  the 
name  of  "nutritious  substances/*  in  contradistinction  to  those  of 
the  second  closs^  which  contjiin  no  nitrogen^  and  which  have  been 
found  by  the  experiments  of  Magendie  and  others  to  be  insufficient 
for  the  support  of  life.  The  organic  substances,  however,  when 
taken  alonc^  are  no  more  capable  of  supporting  life  indefinitely  than 
the  others.  It  was  found  in  the  experiments  of  the  French  "Gela- 
tine Commission^'  that  animals  fed  on  pure  fibrin  and  albumen,  as 
well  as  those  fed  on  gelatine,  become,  after  a  short  time,  much  en- 
feebled, refuse  the  food  which  is  offered  to  them,  or  take  it  with 
reluctance,  and  finally  die  of  inanition.  This  result  has  been 
explained  by  supposing  that  these  substances,  when  taken  alone, 
excite  after  a  time  such  disgust  in  the  animal  that  they  are  either 
no  longer  taken^  or  if  taken  are  not  digested.  But  this  disgust 
Itself  is  simply  an  indication  that  the  substances  used  are  insufficient 
and  finally  useless  as  articles  of  food,  and  that  the  system  demands 
instinctively  other  materials  for  its  nourishment. 

The  instinctive  desire  of  animals  for  certain  substances  is  the 
surest  indication  that  they  are  in  reality  required  for  the  nutritive 
process;  and  on  the  other  hand,  the  indifterence  or  repugnance 
manifested  for  injurious  or  useless  substances,  is  an  equal  evidence 
of  their  unfitness  as  articles  of  food.  This  repugnance  is  well  de- 
Bcribed  by  Magendie,  in  the  report  of  the  commission  above  alluded 
toy  while  detailing  the  result  of  his  investigations  on  the  nutritive 
qualities  of  gelatine,     **  The  result,"  he  says,  *'  of  these  first  trials 

f  was  that  pure  gelatine  was  not  to  the  taste  of  the  dogs  experimented 
on.    Some  of  them  suftered  the  pangs  of  hunger  with  the  gelatine 
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PROXIMATB    PRINCIPLES    OF    THE    THIRD    CLASS. 

at  present  most  thoroughly  acquainted.     The  first  seven  are  fluidJ 
or  nearly  go,  and  either  colorless  or  of  a  faint  yellowish  tinge, 

1.  Fibrin. — Fibrin  is  found  in  the  blood;  where  it  exists,  in  the 
human  subject,  in  the  prupurtion  of  two  to  three  parts  per  thousand. 
It  is  fluid,  and  mingled  intimately  with  tbe  other  ingredients  of  the 
blooi    It  occurs  also,  but  in  much  smaller  quantity,  in  the  Ij'mph, 
It  is  distinguished  by  w*hat  is  called  its  **  spontaneous"  coagulation ; 
that  is,  it  coagulates  on  being  withdrawn  from  the  vessels,  or  on  the 
occurrence  of  any  stoppage  to  the  circulation.     It  is  rather  more, 
abundant  in  the  blood  of  some  of  the  lower  animals  than  in  that  ^ 
th    human  subject.     In  general,  it  is  found  in  larger  quantity 
the  blood  of  the  herbivora  than  in  that  of  the  camivora. 

2.  Albumen. — Albumen  occurs  in  tbe  blood,  the  lymph,  tho 
fluid  of  tbe  pericardium,  and  in  that  of  the  serous  cavities  gene- 
rally.    It  is  also  present  in  the  fluid  which  may  be  extracted  by 
pressure  from  the  muscular  tissue.    In  the  blood  it  occurs  in  thafl 
proportion  of  about  seventy-five  parts  per  thousand.     The  white  of^ 
egg,  which  usually  goes  by  the  same  name,  is  not  identical  w^ith  the 
albumen  of  the  blood,  though  it  resembles  it  in  some  respects ;  it  is 
properly  a  secretion  from  the  mucous  membrane  of  the  fowTs  ovi- 
duct, and  should  be  considered  as  a  distinct   organic  substance,! 
Albumen  coagulates  on  being  raised  to  the  temperature  of  160°  F.; 
and  the  coagulum,  like  that  of  all  the  other  proximate  principles,  is 
soluble  in  caustic  potassa.     It  coagulates  also  by  contact  with  alco- 
hol, the  mineral  acids,  ferrocyanide  of  potassium  in  an  acidulated 
solution,  tannin,  and  the  metallic  salts.     The  alcoholic  coagulum,  if 
separated  from  the  alcohol  by  washing,  does  not  redissolve  in  water. 
A  very  small  quantity  of  albumen  has  been  sometimes  found  in  tha^ 
saliva. 


3.  Casein. — This  substance  exists  in  milk,  in  the  proportion  of 
about  forty  parts  per  thousand.  It  coagulates  by  contact  with  all 
the  acids,  mineral  and  organic ;  but  is  not  affected  by  a  boiling 
temperature-  It  is  coagulated  also  by  the  juices  of  the  stomach. 
It  is  important  as  an  article  of  food,  being  the  principal  organic 
ingredient  in  all  the  preparations  of  milk.  In  a  coagulated  form, 
it  constitutes  the  different  varieties  of  cheese,  which  are  more  or 
less  highly  flavored  with  various  oily  matters  remaining  entangled 
in  the  coagulated  casein. 


OLOBULINE. — MCCOSI^^B.  85 

What  is  called  vegetable  casein  or  "  legtxmine,"  is  different  from 
tbe  casein  of  milk,  and  constitutes  the  organic  substance  present  in 
various  kinds  of  peas  and  beans, 

4.  GLOBUTiiNE^ — ^This  is  the  organic  substance  forming  the  prin* 
cipal  mass  of  the  red  globules  of  tbe  blood.  It  is  nearly  fluid  in 
its  natural  condition^  and  readily  dissolves  in  water.  It  does  not 
dii*solve,  however^  in  the  serum  of  the  blood ;  and  the  globules, 

Itlierefore,  retain  their  natural  form  and  consistency,  unless  the 
ierum  be  diluted  with  an  excess  of  water.  GlobuUne  resembles 
albumen  in  coagulating  at  the  temperature  of  boiling  water.  It  is 
fiaid  to  differ  from  it,  however^  in  not  being  coagulated  by  contact 
irith  alcohol 
5*  Pepsike. — This  substance  occurs  as  an  ingredient  in  the  gas- 
tric juice.  It  is  not  the  same  substance  which  Schwann  extracted 
by  maceration  from  the  mucous  membrane  of  the  stomach,  and 
which  is  regarded  by  Hobin,  Bernard,  &c*,  as  only  an  artificial  pro- 
duct of  the  alteration  of  the  gastric  tissues.  There  seems  no  good 
reason,  furthermore^  why  we  should  not  designate  by  this  name  the 
organic  substance  which  really  exists  in  the  gastric  juice.  It  occurs 
in  this  fluid  in  very  small  quantity,  not  over  fifteen  parts  per 
thousand.  It  is  coagulable  by  heat,  and  also  by  contact  with  alco- 
hol. But  if  the  alcoholic  coagulum  be  well  washedi  it  la  again 
^soluble  in  a  watery  acidulated  fluid. 

6.  Pancreatine. — This  is  the  organic  substance  of  the  pancreatic 
juice,  where  it  occurs  in  great  abundance.  It  coagulates  by  heat, 
and  by  contact  with  sulphate  of  magnesia  in  excess.  In  its  natural 
condition  it  is  fluid,  but  has  a  considerable  degree  of  viscidity, 

7.  MuscosiNE  is  the  organic  substance  which  is  found  in  the  dif- 
ferent varieties  of  mucus,  and  which  imparts  to  them  their  viscidity 
and  other  physical  characters.  Some  of  these  mucous  secretions 
are  so  mixed  with  other  fluids,  that  their  consbtency  is  more  or  less 
diminished;  others,  which  remain  pure,  like  that  secreted  by  the 

incous  follicles  of  the  cer\'ix  uteri,  have  nearly  a  semi-solid  con- 
icy.    But  little  is  known  with  regard  to  their  other  specific 
Dters. 

Tbe  next  three  organic  substances  are  solid  or  semi-solid  in  con- 
»teocy. 
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edges^  each  presenting  several  sharp  points,  arranged  generally  in 
a  direction  parallel  with  the  line  of  the  jaw.     In  these  aniraaH 

mastication  is  very  imperfect,  since 
the  food  is  not  ground  up,  but  only 
pierced  and  mangled  by  the  action 
of  the  teeth  before  being  swallowed 
into  the  stomach.      In  the  herbi- 
vera,  on  the  other  hand,  the  inci- 
sors are  present  only  in  the  lower 
jaw    in    the   ruminating    anima^ 
though    in    the    horse    they  are 
found  in  both  the  upper  and  lower 
sivLL  ow  Polar  Bias.     Aatorior     maxiUa.  (Fig.  21.)    They  are  used 

fi*w;.b«wiagliicUor.aod  canine.  ^^^^^    ^^^    ^^^^^^^    ^^    ^^^    ^^^ 

or  herbage^  on  which  the  animal  feeds.    The  canines  are  either 
abaent  or  slightly  developed,  and  the  real  process  of  mastication  U 


Ftg.  21. 


rj^. 
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performed  altogether  by  the  molars.  These  are  large  and  thici 
(Fig.  22),  and  present  a  broad,  fiat  surface,  diversified  by  variously 
folded  and  projecting  ridges  of  enamel,  with  shal> 
low  grooves  between  them.  By  the  lateral  rub- 
bing motion  of  the  roughened  surfaces  against 
each  other,  the  food  is  effectually  comminuted 
and  reduced  to  a  pulpy  mass. 

In  the  human  subject,  the  teeth  combine  the 
characters  of  those  of  the  camivora  and  the  herbi- 
vora.  (Fig.  23.)  The  incisors  (a),  four  in  numb^ 
In  each  jaw,  have,  as  in  other  instances,  a  cutting 
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edge  running  from  side  to  side.  The  canines  (6),  which  are  situated 
immediately  behind  the  former,  are  much  less  prominent  and 
pointed  than  in  the  car* 
nivora,  and  didbr  less 
in  form  from  the  inci- 
sors on  the  one  hand, 
and  the  first  molars  on 
the  other.  The  molars, 
again  {c,  d\  are  thick 
and  strong,  and  have 
comparatively  flat  sur* 
faces,  like  those  of  the 
herbivora;  but  instead 
of  presenting  curvili- 
near ridges,  are  covered 
with  more  or  leas  coni- 
cal eminences,  like  those 
of  thecarnivora.  In  the 
human  subject,  therefore,  tbe  teeth  are  evidently  adapted  for  a  mixed 
diet,  consisting  of  both  animal  and  vegetable  food*  Mastication  is 
here  as  perfect  as  it  is  in  the  herbivora,  though  less  prolonged  and 
laborious ;  for  the  vegetable  substances  used  by  man,  as  already 
remarked,  ire  previously  separated  to  a  great  extent  from  their 
impurities,  and  softened  by  cooking ;  so  that  they  do  not  require, 
for  their  mastication,  so  extensive  and  powerful  a  triturating  ap- 
paratus. Finally,  animal  substances  are  more  completely  masti- 
cated in  the  human  subject  than  they  are  in  the  camivora,  and 
their  digestion  is  accordingly  completed  with  greater  rapidity. 

We  can  easily  estimate,  from  the  facts  above  stated,  the  great 
importance,  to  the  digestive  process,  of  a  thorough  preliminary 
mafltication.  If  the  food  be  hastily  swallowed  in  undivided  masses, 
it  must  remain  a  long  time  undissolved  in  the  stomach,  where  it 
will  become  a  source  of  irritation  and  disturbance;  but  if  reduced 
beforehand,  by  mastication,  to  a  state  of  minute  subdivision,  it  is 
readily  attacked  by  the  digestive  fluids,  and  becomes  speedily  and 
completely  liquefied. 


Salfva. — At  the  same  time  that  the  food  is  masticated,  it  is  mixed 
in  the  cavity  of  the  mouth  with  the  first  of  the  digestive  fluids^  viz.^ 
the  saliva*  Human  saliva,  as  it  is  obtained  directly  from  the  buc- 
cal cavity,  is  a  colorless,  slightly  viscid  and  alkaline  fluid,  with  a 
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specific  gravity  of  1005.  When  first  discharged,  it  is  frothy  an2 
opaline,  holding  in  suspension  minute^  whitish  flocculi.  On  being 
allowed  to  stand  for  some  hours  in  a  cylindrical  glass  vessel^  au 
opaque,  whitish  deposit  collects  at  the  bottom,  wLil4  the  supernatant 
fluid  becomes  clean  The  deposit,  when  examined  by  the  micro- 
^    24.  scope  (Fig.   24),  is    seen  to 

consist  of  abundant  epithe- 
lium scales  from  the  internal 
surface  of  the  mouth,  de- 
tached by  mechanical  irrita- 
tion, minute,  roundish,  gra- 
nular, nucleated  cells,  appa- 
rently epithelium  from  the 
mucous  follicles^  a  certaiii 
amount  of  granular  matter, 
and  a  few  oil-globules.  The 
supernatant  fluid  has  a  faint 
bluish  tinge,  and  becomes 
slightly  opalescent  by  boil- 
ing, and  by  the  addition  of 
nitric  acid.  Alcohol  in  ex- 
cess causes  the  precipitation 
of  abundant  whitish  flocculi.  According  to  Bidder  ahd  Schmidt^* 
the  composition  of  saliva  is  as  follows : — 

COMPOBITtOtr  OF  SAU\r4. 

Water 9£>5.1G 

Organ  io  matter 1.34 

8ulpho^janide  of  potassium    ..,,...  0.06 

Pliosphatefi  of  soda,  lime,  and  magnesia    .....  -0S 

Chlorides  of  sodium  ntid  potassium *%^ 

Mixture  of  epithe Hum       , I.ti2 


§ 


■« 


^  - 
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Qnufilftr  UAtl«r  aad  OU-glubulet;  depoaited  u  mcU- 
mtjut  from  humati  •Allva. 


1L*UO.OO 

The  organic  substance  present  in  the  saliva  is  of  two  kinds.  The 
first,  which  is  known  by  the  name  of  jiiyaline^  is  derived  from  the 
secretions  of  the  submaxillary  and  sublingual  glands.  It  is  this 
substance  which  gives  the  saliva  its  viscidity.  It  is  coagulable  by 
alcohol,  but  not  by  a  boiling  temperature.  The  other  organic  mat* 
ter  present  in  the  saliva,  which  is  derived  from  the  secretion  of  the 
parotid  gland,  is  not  viscid,  but  coagulates  by  heat.  The  whole 
saliva  therefore  becomes  slightly  turbid  on  being  raised  to  a  boiling 
temperature*    The  sulpho-cyanogen  may  be  detected  by  a  solution 

^  Vcrdauangssflsfle  ond  Sioffweohsel.     Leipiig^  1852. 


SALIVA. 

of  chloride  of  iron,  which  produces  the  characteristic  red  color  of  sul- 
pho-cyanide  of  iron.  The  alkaline  reaction  of  the  saliva  varies  in 
intensity  during  the  day,  but  is  nearly  always  sufficiently  distinct. 

The  saliva  is  not  a  simple  secrotiun,  but  a  mixture  of  four  dis- 
tinct fluids,  which  difler  from  each  other  in  the  source  from  which 
they  are  derived,  and  in  their  physical  and  chemical  properties. 
These  secretions  are,  in  the  human  subject,  first,  that  of  the  parotid 
gland ;  second,  that  of  the  submaxillary ;  third,  that  of  the  sub- 
lingual; and  fourth,  that  of  the  mucous  follicles  of  the  mouth. 
These  different  fluids  have  been  comparatively  studied,  ia  the 
lower  animals,  by  Bernard,  Frerichs,  and  Bidder  and  Schmidt. 
The  parotid  sidiva  is  obtained  in  a  state  of  purity  from  the  dog  by 
exjxjeing  the  duct  of  Steno  where  it  crosses  the  masseter  muscle, 
and  introrlucing  into  it,  through  an  xirtificial  opening,  a  fine  silver 
canula.  The  parotid  saliva  then  runs  directly  from  its  external 
orifice,  without  being  mixed  with  that  of  the  other  salivary  glands. 
It  is  clear,  limpid,  and  watery,  without  the  slightest  viscidity,  and 
has  a  faintly  alkaline  reaction.  The  submaxillary  saliva,  is  ob* 
tained  in  a  similar  manner,  by  inserting  a  canula  into  Wbarton's 
duct  It  differs  from  the  parotid  secretion,  so  iar  as  its  physical 
properties  are  concerned,  chiefly  in  possessing  a  well-marked  vis 
cidity.  It  13  alkaline  in  reaction.  The  sublingual  saliva  is  also 
alkaline^  colorless,  and  transparent,  and  possesses  a  greater  degree 
of  viscidity  than  that  from  the  submaxillary.  The  mucous  secre- 
tion of  the  follicles  of  the  mouth,  which  forms  properly  a  part  of 
the  saliva,  is  obtained  by  placing  a  ligature  simultaneously  on 
Whai"ton*s  and  Steno's  ducts,  and  on  that  of  the  sublingual  gland, 
80  as  to  shut  out  from  the  mouth  all  the  glandular  salivary  secre- 
tions^ and  then  collecting  the  fluid  secreted  by  the  buccal  mucous 
membrane*  This  fluid  is  very  scanty,  and  much  more  viscid  than 
either  of  the  other  secretions ;  so  much  so,  that  it  cannot  be  poured 
out  in  drops  when  received  in  a  glass  vessel,  but  adheres  strongly 
to  the  surfece  of  the  glass. 

We  have  obtained  the  parotid  saliva  of  the  human  subject  in  a 
state  of  purity  by  introducing  directly  into  the  orifice  of  Steno's 
duct  a  silver  canula  ^j  to  5'iy  of  an  inch  in  diameter.  The  other 
extremity  of  the  canula  projects  from  the  mouth,  between  the  lips, 
and  the  saliva  ia  collected  as  it  runs  from  the  open  orifice.  This 
method  gives  results  much  more  valuable  than  observations  made 
on  salivary  fistuUe  and  the  like,  since  the  secretion  is  obtained  under 
perfectly  healthy  conditions,  and  unmixed  with  other  animal  fluids. 
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The  result  of  many  different  observations,  conducted  in  tbis  way, ' 
is  that  the  human  parotid  saliva,  like  that  of  the  dog,  is  colorlesi^ 
watery,  and  distinctly  alkaline  in  reaction.  It  difters  from  the  mixed 
saliva  of  the  mouth,  in  being  perfectly  clear,  without  any  turbidity 
or  opalescence.  Its  flow  is  scanty  while  the  cheeks  and  jaws  remain 
at  rest;  but  as  soon  as  the  movements  of  mastication  are  excited  by 
the  introduction  of  food,  it  runs  in  much  greater  abundance.  We 
have  collected,  in  this  way,  from  the  parotid  duct  of  one  side  only, 
in  a  healthy  man,  480  grains  of  saliva  in  the  course  of  twenty  _ 
minutes;  and  in  seven  successive  observations,  made  on  different  H 
days,  comprising  in  all  three  hours  and  nine  minutes,  we  have 
collected  a  little  over  3000  grains. 

The  parotid  saliva  obtained  in  this  way  has  been  analyzed  by 
Mr.  Maurice  Perkins,  Assistant  to  the  Professor  of  Chemistry  in 
the  College  of  Physicians  and  Surgeons^  with  the  following  result : — 

CoMPoetTtoN  OF  Hetnait  Parotid  Saliva. 

Water 963.309 

Organic  matter  preci  pi  table  hy  alcohol      *        .        ♦         ,         .  7.352 
SubataDce  d&iitruotible  by  heat^  but  not  precipitated  by  alcohol 

or  acids 4.810 

Sulpho-cjanidti  of  fsoditim D.330 

PhoBphate  of  Umo     ....,.,.,  0.240 

Chloride  of  potafisiam 0.900 

Cliloride  of  aodinnt  and  carbonate  of  soda           .        ,         »         ,  3.060 

1000.(K»0 

Mr.  Perkins  found,  in  accordance  with  our  own  observations, 
that  the  fresh  parotid  saliva,  when  treated  with  perchloride  of  iron, 
showed  no  evidences  of  sulpho-cyanogen ;  but  after  the  organic  mat- 
ters had  been  precipitated  by  alcohol,  the  filtered  fluid  was  found 
to  contain  an  appreciable  quantity  of  the  sulpho-cyanide.  ^ 

The  organic  matter  in  the  parotid  saliva  is  in  rather  large  quan*  H 
tity  £us  compared  with  the  mineral  ingredients.  It  is  precipitable  by 
alcohol,  by  a  boiling  temperature,  by  nitric  acid,  and  by  sulphate  ^ 
of  soda  in  excess,  but  not  by  an  acidulated  solution  of  ferrocyanide  H 
of  potassium.  It  bears  some  resemblance,  accordingly^  to  albumen,  H 
but  yet  is  not  precisely  identical  with  that  substance,  ^ 

The  parotid  saliva  also  differs  from  the  mixed  saliva  of  the  mouth 
in  containing  some  substance  which  masks  the  reaction  of  sulpbo- 
cyanogen.  For  if  the  parotid  saliva  and  that  from  the  mouth  be 
drawn  from  the  same  person  within  the  same  hour,  the  addition  of 
perchloride  of  iron  will  produce  a  distinct  red  color  in  the  latter,  while 
no  such  change  takes  place  in  the  former.    And  yet  the  parotid 
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iva  contains  sulpho-cyanogen,  which  may  he  detected,  as  we  have 
"dreadjr  seen,  aftex  the  organic  matters  have  been  precipitated  by 
alcohol. 

A  very  curious  fact  has  been  observed  by  M.  Colin,  Professor  of 
Anatomy  and  Physiology  at  the  Veterinary  School  of  Alfort/  viz., 
that  in  the  horse  and  ass,  as  well  as  in  the  cow  and  other  ruminat- 
ing animals,  the  parotid  glands  of  the  two  opposite  sides,  during 
mastication,  are  never  in  active  secretion  at  the  same  time ;  but 
that  they  alternate  with  each  other,  one  remaining  quiescent  while 
the  other  is  active,  and  vice  versd.  In  these  animals  mastication  is 
said  to  be  unilateral^  that  is,  when  the  animal  commences  feeding 
or  ruminating,  the  food  is  triturated,  for  fifteen  minutes  or  more,  by 
be  molars  of  one  side  only.    It  is  then  changed  to  the  opposite 

le ;  and  for  the  next  fifteen  minutes  mastication  is  performed  by 
the  molars  of  that  side  only.  It  is  then  changed  back  again,  and 
80  on  alternately,  so  that  the  direction  of  the  lateral  movements  of 
the  jaw  may  be  reversed  many  times  during  the  course  of  a  meaL 
By  establishing  a  salivary  fistula  simultaneously  on  each  side»  it  is 
found  that  the  flow  of  saliva  corresponds  with  the  direction  of  the 
masticatory  movement.  When  the  animal  masticates  on  the  right 
gide,  it  is  the  right  parotid  which  secretes  actively,  while  but  little 
saliva  is  supplied  by  the  left ;  when  mastication  is  on  the  left  side, 
the  left  parotid  pours  out  an  abundance  of  fluid,  while  the  right  is 
aearly  inactive* 

We  have  observed  a  similar  alternation  in  the  flow  of  parotid 
saliva  in  the  human  subject,  when  the  mastication  is  ebangeti  from 
gide  to  side.  In  an  experiment  of  this  kind,  the  tube  being  inserted 
into  the  parotid  duct  of  the  left  side,  the  quantity  of  saliva  dis- 
charged during  twenty  minutes,  while  mastication  was  performed 
mainly  on  the  opposite  side  of  the  mouth,  was  127.5  grains;  while 
the  quantity  during  the  same  period,  mastication  being  on  the  same 
side  of  the  mouth,  was  374-4  grains — being  nearly  three  times  as 
much  in  the  latter  case  as  in  the  former. 

Owing  to  the  variations  in  the  rapidity  of  its  secretion,  and  also 
the  fact  that  it  is  not  so  readily  excited  by  artificial  m^ms  as 
the  presence  of  food,  it  becomes  somewhat  difficult  to  estimate 
lie  total  quantity  of  saliva  secreted  daily.  The  first  attempt  to  do  so 
made  by  Mitscherlich,'  who  collected  from  two  to  three  ounces 

twenty-four  hours  from  an  accidental  salivary  fistula  of  Steno's 

»  Traits  d&  Physiologie  Compuree,  Paris,  1854,  p.  408. 
*  Bimm'A  Cliemistrj  of  Mau.     Fliil&.  ed«,  1846,  p.  295, 
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duct  in  the  human  subject ;  from  wluch  it  was  supposed  that  the 
total  amount  secreted  by  all  the  glands  was  from  ten  to  twelve 
ounces  daily.    As  this  man  was  a  hospital  patient,  however,  and 
suffering  from  constitutional  debility,  the  above  calculation  cannot 
be  regarded  as  an  accurate  one,  and  accordingly  Bidder  and  Schmidt*! 
make  a  higher  estimate.     One  of  these  observers,  in  experimenting  1 
upon  himself,  collected  from  the  mouth  in  one  hour,  without  using  j 
any  artificial  stimulus  to  the  secretion^  1500  grains  of  saliva;  and 
calculates^  therefore,  the  amount  secreted  daily,  making  an  allow-1 
ance  of  seven  hours  for  sleep,  as  not  far  from  25,000  grains,  or  j 
about  three  and  a  half  pounds  avoirdupois. 

On  repeating  this  experiment,  however,  we  have  not  been  able  taj 
collect  from  the  mouth,  without  artificial  stimulus,  more  tharf  55d| 
grains  of  ssiliva  per  hour.     This  quantity,  however,  may  be  greatly  ' 
increased  by  the  introduction  into  the  mouth  of  any  smooth  un- 
irritating  substance,  as  glass  beads  or  the  like;   and  during  the' 
mastication  of  food,  the  saliva  is  poured  out  in  very  much  greater 
abundance.    The  very  sight  and  odor  of  nutritiotia  food,  when  the! 
appetite  is  excited,  ^dll  stimulate  to  a  remarkable  degree  the  flowj 
of  saliva ;  and,  as  it  is  often  expressed,  "  bring  the  water  into  the" 
mouth/'    Any  estimate,  therefore,  of  the  total  quantity  of  saliva^ 
based  on  the  amount  secreted  in  the  intervals  of  mastication,  would  J 
be  a  very  imperfect  one.    We  may  make  a  tolerably  accurate] 
calculation,  however,  by  ascertaining  how  much  is  really  secreted  j 
during  a  meal,  over  and  above  that  which  is  produced  at  other  times. 
We  have  found,  for  example,  by  experiments  performed  for  thial 
purpose,  that  wheaten  bread  gains  during  complete  mastication  55  j 
per  cent,  of  its  weight  of  saliva ;  and  that  fresh  cooked  meat  gaiiis, 
under  the  same  circumstances,  48  per  cent,  of  its  weight.     We  have 
already  seen  that  the  daily  allowance  of  these  two  substances,  for  a| 
man  in  full  health,  is  19  ounces  of  bread,  and  16  ounces  of  meat.] 
The  quantity  of  saliva,  then,  required  for  the  mastication  of  these 
two  substances,  is,  for  the  bread  4,572  grains,  and  for  the  meat  3,830  j 
grains.     If  we  now  calculate  the  quantity  secreted  between  meab] 
as  continuing  for  22  hours  at  556  grains  per  hour,  we  have  ;- 

8iUFa  required  for  mas ti cation  of  bread  ^   4572  graiiiA. 
•»  "  *•  "  "  meat  s    3300      *♦ 

seoreted  in  interrala  of  meals  ^^  1 2232     *' 


Total  qnantitf  in  twenty-four  hours  s==  20104  graina ; 
or  rather  less  than  3  pounds  avoirdupois. 

*  Op»  cit,,  p.  14. 
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The  most  important  question,  connected  with  this  subject,  relates 
to  the  function  of  the  saliva  in  the  digestive  process.  A  very  remark- 
able property  of  this  fluid  is  that  which  was  discovered  by  Leuchs 
in  Grermany,  viz.,  that  it  possesses  the  power  of  converting  boiled 
starch  into  sugar,  if  mixed  Avith  it  in  equal  proportions,  and  kept 
for  a  short  time  at  the  temperature  of  100®  F.  This  phenomenon 
is  one  of  catalysis,  in  which  the  starch  is  transformed  into  sugar  byj 
simple  contact  with  the  organic  substance  contained  in  the  saliva. 
This  organic  substance,  according  to  the  experiments  of  Mialhe,* 
may  even  be  precipitated  by  alcohol,  and  kept  in  a  dry  state  for  an 
indefinite  leugth  of  time  without  losing  the  power  of  converting 
starch  into  sugar,  when  again  brought  in  contact  with  it  in  a  state 
of  solution. 

This  action  of  ordinary  human  saliva  on  boiled  starch  takes  place 
sometimes  with  great  rapidity.  Traces  of  glucose  may  occasionally 
be  detected  in  the  mixture  in  one  minute- after  the  two  substances 
have  been  brought  in  contact ;  and  we  have  even  found  that  starch 
paste,  introduced  into  the  cavity  of  the  mouth,  if  already  at  the 
temperature  of  100®  F.,  will  yield  traces  of  sugar  at  the  end  of  half 
a  minute.  The"  rapidity  however,  with  which  this  action  is  mani- 
fested, varies  very  much,  as- was  formerly  noticed  by  Lehmann,  at 
different  times ;  owing,  in  all  probability,  to  the  varying  constitution 
of  the  saliva  itself.  It  is  often  impossible,  for  example,  to  find  any 
evidences  of  sugar,  in  the  mixture  of  starch  and  saliva,  under  five, 
ten,  or  fifteen  minutes ;  and  it  is  frequently  a  longer  time  than  this 
before  the  whole  of  the  starch  is  completely  transformed.  Even 
when  the  conversion  of  the  starch  commences  very  promptly,  it  is 
often  a  long  time  before  it  is  finished.  If  a  thin  starch  paste,  for 
example,  which  contains  no  traces  of  sugar,  be  taken  into  the  mouth 
and  thoroughly  mixed  with  the  buccal  secretions,  it  will  often,  as 
already  mentioned,  begin  to  show  the  reaction  of  sugar  in  the  course 
of  half  a  minute;  but  some  of  the  starchy  matter  still  remains,  and 
will  continue  to  manifest  its  characteristic  reaction  with  iodine,  for 
fifteen  or  twenty  minutes,  or  even  half  an  hour. 

This  property  of  the  saliva,  however,  is  rather  an  incidental  than 
an  essential  one ;  and  although  starchy  substances  are  really  con- 
verted into  sugar,  if  mixed  with  saliva  in  a  test-tube,  yet  they  are 
not  affected  by  it  to  the  same  degree  in  the  natural  process  of 
digestion.     We  have  already  mentioned  the  extremely  variable 

>  Chimie  appliqnSe  k  la  Pbjsiologie  et  i^  la  Th^rapeatiqne,  Paris,  1866,  p.  48* 

8 


lU 


DIGESTION, 


activity  of  the  saliva,  in  this  respect,  at  different  times;  and  it 
mtJBt  be  recollected,  also,  that  in  digestion  the  food  is  not  retained  i 
in  the  cavity  of  the  mouth,  but  passes  at  once,  after  mastication,  j 
into  the  stomach.     It  might  be  supposed  that  the  saccharine  con- ' 
version  of  starch,  after  being  commenced  in  the  mouth,  might 
continue  and  be  completed  in  the  stomach.     We  have  convinced  ^ 
ourselves,  however^  by  frequent  ex}jcriments,  that  this  is  not  the  B 
case.    If  a  dog,  with  a  gastric  fistula^  be  fed  with  a  mixture  of 
meat  and  boiled  starch,  and  portions  of  the  fluid  contents  of  the 
stomach  withdrawn  afterward   through  the  fistula,  the  starch  iai 
easily  recogni^sable  by  its  reaction  with  iodine  for  ten,  fifteen,  and! 
twenty  minutes  afterward.    In  forty-five  minutes  it  is  diminished! 
in  quantity,  and  in  one  hour  has  usually  altogether  disappeared; 
but  no  sugar  is  to  be  detected  at  any  time.  Sometimes  the  starch  dis- 
appears more  raj>idly  than  this ;  but  at  no  time,  according  to  our  ob- 
servations, is  there  any  indication  of  the  presence  of  sugar  in  the  gas* 
trie  fluids.  It  is  now  generally  acknowledged  also,  by  most  observers^ 
that  sugar  cannot  be  detected  in  the  stomach,  after  the  introduction 
of  starch  in  any  form  or  by  any  method.    In  the  ordinary  process 
of  digestion,  in  fact,  starchy  matters  do  not  remain  Jong  enough  in 
the  mouth  to  be  altered  by  the  saliva,  but  pass  at  once  into  the  sto- 
mach.    Here  they  meet  with  the  gastric  fluids,  which  become  min- 
gled with  them,  and  prevent  the  change  which  would  otherwise  be 
eftected  by  the  saliva.     We  have  found  that  the  gastric  juice  will  i 
interfere,  in  this  manner,  with  the  action  of  the  saliva  in  the  test- 
tube,  as  well  as  in  the  stomach.     If  two  mixtures  be  made,  one  of 
starch  and  saliva,  the  other  of  starch,  saliva,  and  gastric  juice,  and 
both  kept  for  fifteen  minutes  at  the  temperature  of  100°  F„  in  the 
first  mixture  the  stiircii  will  be  promptly  converted  into  sugar,  while 
in  the  second  no  such  change  will  take  place.     The  above  action, 
therefore,  of  saliva  on  starch,  though  a  curious  and  interesting  pro- , 
perty,  has  no  significance  as  to  its  physiological  function,  a^xioe  it 
does  not  take  place  in  the  natural  digestive  process.     We  shall  see 
hereafter  that  there  are  other  means  provided  for  the  digestion  of  I 
starchy  matters,  altogether  independent  of  the  action  of  the  saliviu  i 
The  true  function  of  the  saliva  is  altogether  a  physical  one*    Its 
action  is  simply  to  moisten  the  food  and  facilitate  its  masticatiaQ, 
as  well  as  to  lubricate  the  triturated  mass,  and  assist  its  passage 
down  the  oesophagus.     Food  which  is  hard  and  dry,  like  crusts> 
crackers,  &c.,  cannot  be  masticated  and  s wallow* ed  with  readiness,  < 
unless  moistened  by  some  fluid.    If  the  saliva,  therefore,  be  prevented  j 
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from  entering  the  cavity  of  the  mouth,  its  loss  does  not  interfere 
directly  with  the  chemical  changes  of  the  food  in  digestion,  but  only 
-with  its  mechanical  preparation.  This  is  the  result  of  direct  experi- 
ments performed  by  various  observers.  Bidder  and  Schmidt,*  after 
tying  Steno's  duct,  together  with  the  common. duct  of  the  sub- 
maxillary and  sublingual  glands  on  both  sides  in  the  dog,  found 
that  the  immediate  effect  of  such  an  operation  was  ''  a  remarkable 
diminution  of  the  fluids  which  exude  upon  the  surfaces  of  the  mouth ; 
so  that  these  surfaces  retained  their  natural  moisture  only  so  long 
as  the  mouth  was  closed,  and  readily  became  dry  on  exposure  to 
contact  with  the  air.  Accordingly,  deglutition  became  evidently 
difficult  and  laborious,  not  only  for  dry  food,  like  bread,  but  even 
for  that  of  a  tolerably  moist  consistency,  like  fresh  meat.  The 
animals  also  became  very  thirsty,  and  were  constantly  ready  to 
drink." 

.  Bernard'  also  found  that  the  only  marked  effect  of  cutting  off 
the  flow  of  saliva  from  the  mouth  was  a  difficulty  in  the  mechani- 
cal processes  of  mastication  and  deglutition.  He  first  administered 
to  a  horse  one  pound  of  oats,  in  order  to  ascertain  the  rapidity  with 
which  mastication  would  naturally  be  accomplished.  The  above 
quantity  of  grain  was  thoroughly  masticated  and  swallowed  at  the 
end  of  nine  minutes.  An  opening  had  been  previously  made  in 
the  oesophagus  at  the  lower  part  of  the  ndck,  so  that  none  of  the 
food  reached  the  stomach ;  but  each  mouthful,  as  it  passed  down  the 
oesophagus,  was  received  at  the  oesophageal  opening  and  examined 
by  the  experimenter.  *The  parotid  duct  on  each  side  of  the  face 
was  then  divided,  and  another  pound  of  oats  given  to  the  animal. 
Mastication  and  deglutition  were  both  found  to  be  immediately 
retarded.  The  alimentary  masses  passed  down  the  oesophagus  at 
longer  intervals,  and  their  interior  was  no  longer  moist  and  pasty, 
as  before,  but  dry  and  brittle.  Finally,  at  the  end  of  twenty-five 
minutes,  the  animal  had  succeeded  in  masticating  and  swallowing 
only  about  three-quarters  of  the  quantity  which  he  had  previously 
di3posed  of  in  nine  minutes. 

It  appears  alsq,  from  the  experiments  of  Magendie,  Bernard,  and 
Lassaigne,  on  horses  and  cows,  that  the  quantity  of  saliva  absorbed 
by  the  food  during  mastication  is  in  direct  proportion  to  its  hard- 
ness and  dryness,  but  has  no  particular  relation  to  its  chemical 
qualities.    These  experiments  were  performed  as  follows :  The  oeso- 

»  Op.  cit.,  p.  3. 
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phagus  was  opened  at  the  lower  part  of  the  neck,  ami  a  ligature 
placed  upon  it,  between  the  wound  and  the  stomach.  The  animal 
was  then  supplied  with  a  previously  weighed  quantity  of  food,  and 
this,  as  it  passed  out  by  the  oesophageal  opening,  was  received  into 
appropriate  vessels  and  again  weighed.  The  difference  in  weiffht, 
before  and  after  swallowing,  indieateii  the  quantity  of  saliva  absorbed 
by  the  food.  The  following  table  gives  the  results  of  some  of  Las- 
gaigne's  experiments,*  performed  upon  a  horse:— 


Kl?fD  OF  Food  EMPU»tsD. 
For  loo  partii  of  hay 

"  barley  tfieftl 

'*  OAtS 


QcrAjfTTTT  OF  Saliva  ad,«orbed. 
there  were  abtiorbed  400  part^  saliva* 

"  113  " 

49 


^'  gr^en  atalks  and  teaTes    " 

It  is  evident  from  the  above  farts,  that  the  quantity  of  salifT 
produced  has  not  so  much  to  do  with  the  chemical  character  of  the 
food  as  with  its  physical  condition.  When  the  food  is  dry  and 
hard,  and  requires  much  mastication,  the  saliva  is  secreted  in 
abundance ;  when  it  is  soft  and  moist,  a  smaller  quantity  of  the 
Becretion  is  poured  out ;  and  finally,  when  the  food  is  taken  in  a 
fluid  form,  as  soup  or  milk,  or  reduced  to  powder  and  moistened 
artificially  with  a  very  large  quantity  of  water,  it  is  not  mixed  at 
all  with  the  saliva,  but  passes  at  once  into  the  cavity  of  the  stomach* 
The  abundant  and  watery  fluid  of  the  parotid  gland  is  most  useful 
in  assisting  mastication;  while  the  glairy  and  mucous  secretion  of 
the  submaxillary  gland  and  the  muciparous  follicles  serve  to  lubri- 
cate the  exterior  of  the  triturated  mass,  and  facilitate  its  passage 
through  the  oesophagus. 

By  the  combined  operation  of  the  two  processes  which  the  food 
undergoes  in  the  cavity  of  the  mouth,  iis  preliminary  preparation 
ia  accomplished.  It  is  triturated  and  disintegrated  by  the  teeth, 
und,  at  the  same  time,  by  the  movements  of  the  jaws,  tongue,  and 
cheeks,  it  is  intimately  mixed  with  the  salivary  fluids,  until  the 
whole  is  reduced  to  a  soft,  pasty  mass,  of  the  same  consistency 
throughout  It  is  then  carried  backward  by  the  semi-involuntary 
movements  of  the  tongue  into  the  pharynx,  and  conducted  by  the 
muscular  contractions  of  the  oesophagus  into  the  stomach. 


*  Gastric  JmcE,  and  Stomach  Digestion. — The  mucous  mem- 
brane of  the  stomach  is  distinguished   by  its   great  va;3cularity 
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itid  the  abundant  glandular  apparatus  with  which  it  is  provided. 
[ts  entire  thickness  is  occupied  by  certain  glandular  organs,  the 
gastric  tubules  or  follicles,  which  are  so  closely  set  as  to  leave 
almost  no  space  between  them  except  what  is  required  for  the 
capillary  bloodvessels.    The  free  surface  of  the   gastric  mucous 

Iinembrane  is  not  smooth,  but  is  raised  in  minute  ridges  and  pro* 
iecting  eminences.  In  the  cardiac  portion  (Fig.  25),  these  ridges 
are  reticulated  with  each  other,  so  as  to  include  between  them 
polygonal  interspaces,  each  of  which  is  encircled  by  a  capillary 
network*    In  the  pyloric  portion  (Fig.  26),  the  eminences  are  more 


Fig.  25. 


Fig.  26, 


m 


Ftf  %\     Fr©e  •arf*«fl  ofGAaritfr  Murota  BtlMmnAitc,  vie  w*h1  from  above ;  frain  Plg'«  Sto- 

FTf ,  91     rrp»  «ttrr«c«  ot  Oa^thu'   Me  cor*   MKnniiAJt  b,  ri^wed   in  vcHLcaL  s««Uoa;   from 
l^'«  8ti>iiiftiet«,  Vjlvrie  f^rUoa.     Mftgctlflfd  42iJ  diiuicion, 

[>r  less  pointed  and  conical  in  form,  and  generally  flattened  from 
|ide  to  side.     They  contain  each  a  capillary  bloodvessel,  which  re- 
ros  upon  itself  in  a  loop  at  the  extremity  of  the  projection,  and 
"communicates  freely  with  adjacent  vessels* 

The  gastric  follicles  are  very  dilYerent  in  different  parts  of  the 
:)mach. 

In  the  pyloric  portion  of  the  pig*s  stomach  (Fig*  27,  next  page), 
bey  are  nearly  straight  or  slightly  tortuous  tubules,  ilc  of  an  inch 
diameter,  lined  with  small  glandular  epithelium  cells,  and  ter- 
Iting  in  blind  extremities  at  the  under  surface  of  the  mucous 
ibrane.     In  their  lower  half  they  are  often  branched,  two  or 
lore  lateral  diverticula  passing  off  from  the  principal  tubule^  and 
forming  a  little  mass  or  lobule  of  glandular  tubes.    At  their  upper 
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extremities,  tliey  open  on  the  free  surface  of  tlie  mucous  metn^ 
brane,  in  the  interspaces  between  the  projecting  folds  or  vUlL 

Among  these  tubular  glan* 
^*^*  ^*^*  dules  there  is  also  found,  in 

the  gastric  mucous  mem- 
brame,  another  kind  of  glan* 
dular  organ,  consisting  of 
closed  follicles,  similar  to 
the  solitary  glands  of  the 
small  intestine.  These  fol- 
liclesj  which  are  not  very 
numerous,  are  seated  in  the 
lower  part  of  the  raucous 
membrane,  and  enveloped  by 
the  Cfecal  extremities  of  the 
tubules.  (Fig.  27,  a.) 

In  the  cardiac  portion  of 
the  stomach  the  superficial 
part  of  the  mucous  mem- 
brane containa  very  wide 
circular  tubes  lined  with  large  distinctly  marked  cylinder  epithe- 
lium cells.  (Fig.  29.)  These  tubes  divide  at  a  certain  distance  from 
the  surface,  and  the  tubules  which  result  from  their  division  become 
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Gastkic  TcDCLtB  fKOMT  Pio's  StomacU'  m«Jdl^ 


^reduced  in  size,  and  are  lined  witb  small  rounded  cells  of 
glandular  epithelium.  They  finally  terminate,  like  the  others,  in 
bounded  extremities   at  the 

lottom  of  the  mucous  mem-  ^*^*  ^ 

rane. 
In  the  middle  portir>n   of 

Ethe  stomach  the  tubules, 
fcrhich  are  here  very  long,  in 
pomparison  both  with  tliose 
near  the  cardia  and  those 
near  the  pylorus,  are  also 
distinguished  by  being 
piled,  in  addition  to  the 
prdinary  glandular  epithe- 
lium,  with  very  large, 
ILrfounded,  granular  nucleated 
^B^Us,  which  often  seem  to 
fill  their  entire  cavity  and 
project  from  their  sides,  giv- 
ing them  aa  irregularly  tumefied  or  varicose  appearance.  These 
bules,  with  large  granular  cells,  are  considered,  by  some  authors, 
st  important  agents  iu  the  secretion  of  the  gastric  juice, 
ric  tubules,  however,  in  the  various  parts  of  the  stomach, 
Tobably  combine  to  produce  the  digestive  fluid. 

The  bloodvessels  which  come  up  from  the  submucous  layer  of 

,reolar  tissue  form  a  close  plexus  around  all  these  glandules,  and 

rovide  the  mucous  membrane  with  an  abundant  supply  of  blood, 

r  the  purposes  both  of  secretion  and  absorption. 

That   part  of  digestion  which  takes  place  in  the  stomach  has 

ways  been  regarded  as  nearly,  if  not  quite,  the  most  important 

ft   of  the  whole  process.     The  first  observers  who  made  any 

ipproximation  to  a  correct  idea  of  gastric  digestion  were  Keaumur 

ad  Spallanzani,  who  showed  by  various  methods  tliat  the  reduction 

d  liquefiaction  of  the  food  in  the  stomach  could  not  be  owing  to 

contact  with  the  gastric  mucous  membrane,  or  to  compression 

ic  muscular  walls  of  the  organ;  but  that  it  must  be  attributed 

a  digestive  fluid  secreted  by  the  mucous  membrane,  which  pene- 

tes  the  food  and  reduces  it  to  a  flui<l  form.     They  regarded  this 

roc^is  as  a  simple  chemical  solution,  and  considered  the  gastric 

ice  as  a  universal  solvent  for  all  alimentary  substances.     They 

icceeded  even  in  obtaining  some  of  this  gastric  juice,  mingled 
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probably  witli  many  impurities^  by  causing  the  animals  upon  vvUicli 
they  experimented  to  swallow  gpongus  attached  to  the  ends  of 
cords»  by  which  they  were  afterward  withdrawn,  the  fluids  which 
they  had  absorbed  being  then  expressed  and  examined. 

The  first  decisive  experiments  on  this  point,  however,  were  those 
performed  by  Dr.  Beaumont,  of  the  U.  S.  Army,  on  the  person  of 
Alexis  St.  Martin^  a  Canadian  Watman,  who  had  a  permanent  gas- 
tric fistula,  the  result  of  an  accidental  gunshot  wound.  The  musket, 
which  was  loaded  with  buckshot  at  the  time  of  the  accident,  was 
discharged,  at  the  distance  of  a  few  feet  from  St  Martin's  body,  in 
such  a  manner  as  to  tear  away  the  integument  at  the  lower  part  of 
the  left  chest,  open  the  pleural  cavity,  and  penetrate,  through  the 
lateral  portion  of  the  diaphragm,  into  the  great  pouch  of  the  stomach. 
After  the  integument  and  the  pleural  and  peritoneal  surfaces  had 
united  and  cicatrized,  there  remained  a  permanent  opening,  of  about 
four-fifths  of  an  inch  in  diameter,  leading  into  the  left  extremity  of  . 
the  stomachy  which  was  usually  closed  by  a  circular  valve  of  pro- 
truding mucous  membrane.  This  valve  could  be  readily  depressed 
at  any  time,  so  as  to  open  the  fistula  and  allow  the  contents  of  the 
stomach  tx>  be  extracted  for  examination. 

Dr.  Beaumont  experimented  upon  this  person  at  various  intervals 
from  the  year  1825  to  1852.*  He  established  during  the  course  of 
his  examinations  the  following  important  facts:  First,  that  the  ac- 
tive agent  in  digestion  is  an  acid  fluid,  secreted  by  the  walls  of  the 
Btomach ;  secondly,  that  this  fluid  is  poured  out  by  the  glandular 
walls  of  the  organ  only  during  digestion,  and  under  the  stimulus  of 
the  food;  and  finally,  that  it  will  exert  its  solvent  action  upon  the 
food  outside  the  body  as  well  as  in  the  stomach,  if  kept  in  glass 
phials  upon  a  sand  bath  at  the  temperature  of  100^  F.  He  made 
also  a  variety  of  other  interesting  investigations  as  to  the  effect 
of  various  kinds  of  stimulus  on  the  secretion  of  the  stomach,  the 
rapidity  with  which  the  process  of  digestion  takes  place,  the  com- 
parative digestibility  of  various  kinds  of  food^  &c.  &c. 

Since  Dr.  Beaumont's  time  it  has  been  ascertained  that  similar 
gastric  fi9tula3  may  be  produced  at  will  on  some  of  the  lower  animals 
by  a  simple  operation;  and  the  gastric  juice  has  in  this  way  been 
obtained,  usually  from  the  dog,  by  BlondloL,  Schwann,  Bernard, 
Lehmann  and  others.  The  simplest  and  most  expeditious  mode 
of  doing  the  operation  is  the  best.    An  incision  should  be  made 

»  EzperimentB  nud  ObterTations  upon  the  Gastric  Juice.     Bc^ston^  IS34. 
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through  the  abdominal  parietes  in  the  median  line,  over  the  great 
curvature  of  the  stomach.  The  anterior  wall  of  the  organ  is  then 
to  be  seized  with  a  pair  of  hooked  forceps,  (irawn  out  at  the  external 
wound,  and  opened  with  the  point  of  a  bistoury,  A  short  silver 
canula,  one-half  to  three*quarters  of  an  inch  in  diameter,  armed  at 
each  extremity  with  a  narrow  projecting  rira  or  flange,  is  then  in- 
fierted  into  the  wound  in  the  stomach,  the  edges  of  which  are  fast- 
ened round  the  tube  with  a  ligature  in  order  to  prevent  the  escape 
of  the  gastric  fluids  into  the  peritoneal  cavity.  The  stomach  is  then 
retiinied  to  its  place  in  the  abdomen,  and  the  canula  allowed  to  re- 
main with  its  external  flange  resting  upon  the  edges  of  the  wound 
in  the  abdominal  integuments,  which  are  to  be  drawn  together  by 
sutures.  The  animal  may  be  kept  perfectly  quiet,  during  the  ope- 
ration, by  the  adminiiitration  of  ether  or  chloroform.  In  a  few 
days  the  ligatures  come  away,  the  wounded  peritoneal  surfaces  are 
united  with  each  other,  and  the  canula  is  retained  in  a  permanent 
gi^tric  fistula;  being  prevented  by  its  flaring  extremities  both  from 
fiilling  out  of  the  abdomen  and  from  being  accidentaUy  pushed  into 
the  stomach.  It  is  closed  externally  by  a  cork,  which  may  be  with- 
drawn at  pleasure,  and  the  contents  of  the  stomach  withdrawn  for 
exiimination. 

Experiments  conducted  in  this  manner  confirm,  in  the  main,  the 
results  obtained  by  Dr.  Beaumont,  Observations  of  this  kind  are 
in  some  respects,  indeed,  more  satisfactory  when  made  upon  the 
lower  animals,  than  upon  the  human  subject ;  since  animals  are 
entirely  under  the  control  of  the  experimenter,  and  all  sources  of 
deception  or  mistake  are  avoided,  while  the  investigation  is,  at  the 
same  time,  greatly  facilitated  by  the  simple  character  of  their  food. 

The  gastric  juice,  like  the  saliva,  is  secreted  in  considerable 
quantity  only  under  the  stimulus  of  recently  ingested  food.  Dr. 
Beaumont  states  that  it  is  entirely  absent  during  the  intervals  of 
digestion ;  and  that  the  stomach  at  that  time  contains  no  acid  fluid, 
but  only  a  little  neutral  or  alkaline  mucus*  He  was  able  to  obtain 
a  sufBcient  quantity  of  gastric  juice  for  examination,  by  gently  irri- 
tating the  raucous  membrane  with  a  gum-elastic  catheter,  or  the  end 
of  a  glass  rod,  and  by  collecting  the  secretion  as  it  ran  in  drops 
from  the  fistula*  On  the  introduction  of  food,  he  found  that  the 
maoouB  membrane  became  turgid  and  reddened,  a  clear  acid  fluid 
collected  everywhere  in  drops  underneath  the  layer  of  mucus  lin- 
ing the  walls  of  the  stomach,  and  was  soon  poured  out  abundantly 
iuU>  its  cavity.    We  have  found,  however,  that  the  rule  laid  down 
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by  Dr.  Beaumont  in  this  respect,  thougli  correct  in  the  inain,  is  nc 
iavariable.  The  truth  is,  the  irriLibility  of  the  gastric  rnucoua 
membrane,  and  the  readiness  with  which  the  flow  of  gastric  juice 
may  be  excited,  varies  considerably  in  diiTeretit  hiiimals;  even  in 
those  belonging  to  the  same  species.  In  experimenting  with  gastric 
fistulfle  on  diflferent  dogs,  for  example,  we  have  found  in  one  instance, 
like  Dr.  Beaumont,  that  the  gastric  juice  was  always  entirely  absent 
in  the  intervals  of  digestion ;  the  mucous  membrane  then  present- 
ing invariably  either  a  neutral  or  slightly  alkaline  reaction.  In 
this  animal,  which  was  a  perfectly  healthy  one,  the  secretion  could 
not  be  excited  by  any  artificial  means,  such  as  glass  rods,  metallic 
catheters,  and  the  like;  but  only  by  the  natural  stimulus  of  ingested- 
food.  We  have  even  seen  tough  and  indigestible  pieces  of  tendon, 
iatroduced  through  the  fistula,  expelled  again  in  a  few  minutea,  one 
afker  the  other,  without  exciting  the  flow  of  a  single  drop  of  acid- 
fluid;  while  pieoes  of  fresh  meat,  introduced  in  the  same  way,  pro- 
duced  at  once  an  aliundant  supply.  In  other  instances,  on  the  con- 
trary, the  introduction  of  metallic  catheters,  i&c,  into  the  empty 
stomach  has  produced  a  scanty  flow  of  gastric  juice;  and  in  experi- 
menting upon  dogs  that  have  been  kept  without  food  during  various 
periods  of  time  and  then  killed  by  section  of  the  medulla  oblongata, 
we  have  usually,  though  not  always,  found  the  gastric  mucous  mem- 
brane to  present  a  distinctly  acid  reaction,  even  after  an  abstinence 
of  six,  seven,  or  eight  days.  There  is  at  no  time,  however,  under 
these  circumstances,  any  considerable  amount  of  fluid  present  in 
the  stomach;  but  only  just  sufficient  to  moisten  the  gastric  mucous 
membrane,  and  give  it  an  acid  reaction. 

The  gastric  juice,  which  is  obtained  by  irritating  the  stomach 
with  a  metallic  catheter,  is  clear,  perfectly  colorless,  and  acid  in 
reaction.  A  sufficient  quantity  of  it  cannot  be  obtained  by  this 
method  for  any  extended  experiments ;  and  for  that  purpose,  the 
animal  should  be  fed,  after  a  fast  of  twenty-four  hours,  with  fresh 
lean  meat,  a  little  hardened  by  short  boiling,  in  order  to  coagulate 
the  fluids  of  the  muscular  tissue,  and  prevent  their  mixing  with  the 
gastric  secretion.  No  effect  is  usually  apparent  within  the  first  five 
minutes  after  the  introduction  of  the  food.  At  the  end  of  that  time 
the  gastric  juice  begins  to  flow ;  at  first  slowly,  and  in  drops.  It  is 
then  perfectly  colorless,  but  very  soon  acquires  a  slight  amber 
tinge.  It  then  begins  to  flow  more  freely,  usually  in  drops,  but 
often  running  for  a  few  seconds  in  a  continuous  stream.  In  this 
way  from  5ij  to  Siiss  may  be  collected  in  the  course  of  fifteen 
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minutes.  Afterward  it  becomes  somewhat  turbid  with  the  debris 
of  the  food,  which  has  begun  to  be  disintegrated ;  but  from  this  it 
may  be  readily  separated  by  filtration.  After  three  hours,  it  con- 
tinues to  run  freely,  but  has  become  very  much  thickened,  and 
even  grumous  in  consistency,  from  the  abundant  admixture  of 
alimentary  debris.  In  six  hours  after  the  commencement  of  diges- 
tion it  runs  less  freely,  and  in  eight  hours  has  become  very  scanty, 
though  it  continues  to  preserve  the  same  physical  appearances  as 
before.  It  ceases  to  flow  altogether  in  from  nine  to  twelve  hours, 
according  to  the  quantity  of  food  taken. 

For  purposes  of  examination,  the  fluid  drawn  during  the  first 
fifteen  minutes  after  feeding  should  be  collected,  and  separated  by 
filtration  from  accidental  impurities.  Obtained  in  this  way,  the 
gastric  juice  is  a  clear,  watery  fluid,  without  any  appreciable  vis- 
cidity, very  distinctly  acid  to  test  paper,  of  a  faint  amber  color, 
and  with  a  specific  gravity  of  1010.  It  becomes  opalescent  on 
boiling,  owing  to  the  coagulation  of  its  organic  ingredients.  The 
following  is  the  composition  of  the  gastric  juice  of  the  dog,  based 
on  a  comparison  of  various  analyses  by  Lehmann,  Bidder  and 
Schmidt,  and  other  observers :  — 

C0XPO6IT10V  OF  Gabtbic  Juicb. 

Water 975.00 

Organic  mfttter 15.00 

LaoUoacid 4.78 

Chloride  of  aodiam 1.70 

«         **  poUssinm 1.08 

"         «  caloiam 0.20 

. "         **  ammoDiam 0.05 

Phoephate  of  lime 1.48 

"*  *'  magnesia 0.06 

"  **  iron 0.05 

1000.00 

In  place  of  lactic  acid.  Bidder  and  Schmidt  found,  in  most  of  their 
analyses,  hydrochloric  acid.  Lehmann  admits  that  a  small  quantity 
of  hydrochloric  acid  is  present,  but  regards  lactic  acid  as  the  most 
abundant  and  important  ingredient  of  the  two.  Eobin  and  Ver- 
deil  also  regard  the  acid  reaction  of  the  .gastric  juice  as  due  to  lac- 
tic acid;  and,  finally,  Bernard  has  shown,*  by  a  series  of  well  con- 
trived experiments,  that  the  free  acid  of  the  dog's  gastric  juice  is 
undoubtedly  the  lactic ;  and  that  the  hydrochloric  acid  obtained  by 
distillation  is  really  produced  by  a  decomposition  of  the  chlorides^ 
which  ent^r  into  the  composition  of  the  fresh  juice. 

I  Lemons  de  Physiologie  Exp^rimentale,  Paris^  1856,  p.  896. 
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Prof.  C.  Schmidt,*  in  Germany,  Las  also  had  an  opportumty  of 
examining  the  human  gastric  juice  in  a  case  of  gastric  fistula,  simi- 
lar to  that  of  Alexis  St.  Martin.  This  was  the  case  of  ^  healthy 
woman,  35  years  uf  age,  \v  bo,  in  consequence  of  a  local  inflanima- 
tion,  became  affected  with  a  gastric  fistula  situated  below  the  left 
breast,  in  the  ninth  intercostal  space.  Prof.  Schmidt  found  the 
gastric  juice  obtained  from  this  fistula  similar  to  that  of  the  dog, 
except  that  it  contained  a  smaller  proportion  of  organic  matter,  of 
free  acid,  and  of  solid  ingredients  generally;  —  the  whole  secretion 
being,  at  the  same  time,  more  abundant  in  quantity. 

From  our  own  observations,  already  alluded  to,  we  have  no 
doubt  that  both  the  quantity  and  density  of  the  gastric  juice  vary, 
within  certain  limit>s,  in  different  individuals  of  the  same  species; — 
the  proportion  of  solid  ingredients  being  less  when  the  secretion  h 
more  abundant,  and  greater  when  the  secretion  is  in  small  quantity. 

The  free  tund  is  an  extremely  important  ingredient  of  the  gastric 
secretion*  and  is,  in  foct,  essential  to  its  physiological  properties; 
for  thg  gastric  juice  will  not  exert  its  solvent  action  upon  the  food, 
after  it  has  been  neutralized  by  the  addition  of  an  alkali,  or  an  alka- 
line carbonate. 

The  most  important  ingredient  of  the  gastric  juice,  beside  the 
free  acid,  is  its  organic  matter  or  ''ferment,"  which  is  known 
under  the  name  of  pepsine.  This  name,  "pepsine"  was  origi- 
nally given  by  Schwann  to  a  substance  which  he  obtained  from 
the  mucous  membrane  of  the  pig^s  stomach,  by  macerating  it  in 
distilled  water  until  a  putrid  odor  began  to  be  developed.  The 
substance  in  question  was  precipitated  from  the  watery  infusion  by 
the  addition  of  alcohol,  and  dried ;  and  if  dissolved  afterward  in 
acidulated  water,  it  was  found  to  exert  a  solvent  action  on  boiled 
white  of  egg.  This  substance,  however,  did  not  represent  precisely 
the  natural  ingredient  of  the  gastric  secretion,  and  was  probably  a 
mixture  of  various  matters,  some  of  them  the  prod  acts  of  com- 
mencing decomposition  of  the  mucous  membrane  itself.  The  name 
pepsine,  if  it  be  used  at  all,  should  be  applied  to  the  organic  matter 
w^hich  naturally  occurs  in  solution  in  the  gastric  juice.  It  is  alto- 
gether unessential,  in  this  respect,  from  what  source  it  may  be 
originally  derived.  It  has  been  regarded  by  Bernard  and  others^ 
on  somewhat  insufficient  grounds,  as  a  product  of  the  alteration  of 
the  mucus  of  the  stomach.    But  whatever  be  its  source,  since  it  is 


>  Auualon  d«r  Cbcmlo  und  Pbarmicte,  18dl,  p,  42. 
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.always  present  in  the  secretion  of  the  stomach,  and  takes  an  active 
part  in  the  performance  of  its  function,  it  can  be  regarded  in  no 
other  light  than  as  a  real  anatomical  ingredient  of  the  gastric  juice, 
and  as  eAential  to  its  constitution. 

Pepsine  is  precipitated  from  its  solution  in  the  gastric  juice  by 
absolute  alcohol,  and  by  various  metallic  salts,  but  is  not  affected 

by  ferrocyanide  of  potassium. 
^»g«  31.  It   is  precipitated ,  also,  and 

coagulated,  by  a  boiUng  tem- 
perature; and  the  gastric 
juice,  accordingly,  after  being 
boiled,  becomes  turbid,  and 
loses  altogether  its  power  of 
dissolving  alimentary  sub- 
stances. Gastric  j  nice  is  also 
aflfected  in  a  remarkable 
manner  by  being  mingled 
with  bile.  We  have  found 
that  four  to  six  drops  of  dog's 
bile  precipitate  completely 
with  3j  of  gastric  juice  from 
coifPKKToiD  VR0BTA1I.R,  (TTowfng  !n  the  Oan-    ^hc  samc  animal ;  so  that  the 

trie  Jaice  of  the  Dog.    The  fibre*  h»Te  an  aTerage         ,     .         /«    i       i  m-  i      • 

dumetar  of  1-7000  of  »a  Inch.  wholc  01  the  biliary  colonng 

matter  is  thrown  down  as  a 
deposit^  and  the  filtered  fluid  is  found  to  have  lost  entirely  its 
digestive  power,  though  it  retains  an  acid  reaction. 

A  very  singular  property  of  the  gastric  juice  is  its  inaptitude  for 
putrefaction.  It  may  be  kept  for  an  indefinite  length  of  time  in  a 
common  glass-stoppered  bottle  without  developing  any  putrescent 
odor.  A  light  deposit  generally  collects  at  the  bottom,  and  a  con- 
fervoid  vegetable  growth  or  "mould"  often  shows  itself  in  the  fluid 
after  it  has  been  kept  for  one  or  two  weeks.  This  growth  has  the 
form  of  white,  globular  masses,  each  of  which  is  composed  of  deli- 
cate radiating  branched  filaments  (Fig.  31) ;  each  filament  consisting 
of  a  row  of  elongated  cells,  like  other  vegetable  growths  of  a  similar 
nature.  These  growths,  however,  are  not  accompajaied  by  any 
putre&ctive  changes,  and  the  gastric  juice  retains  its  acid  reaction 
and  its  digestive  properties  for  many  months. 

By  experimenting  artificially  with  gastric  juice  on  various  ali- 
mentary substances,  such  as  meat,  boiled  white  of  egg,  &c.,  it  is 
found,  as  Dr.  Beaumont  formerly  observed,  to  exert  a  solvent  action 
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on  these  substances  outside  the  body,  as  well  as  in  the  cavity  of  tlie 
stomach.  This  action  is  most  energetic  at  the  temperature  of  100** 
F.  It  gradually  diminishes  in  intensity  below  that  point,  and  ceases 
altogether  near  32°.  If  the  temperatui-e  be  elevated  above  100^ 
the  action  also  becomes  enfeebled,  and  is  entirely  suspended  about 
160®,  or  the  temperature  of  coagulating  albumen*  Contrary  to 
what  was  supposed,  however,  by  Dr.  Beaumont;  and  his  predeees- 
Bors,  the  gastric  juice  is  not  a  universal  solvent  for  all  alimentary 
substances,  but,  on  the  contrary,  aflects  only  a  single  class  of  the 
proximate  principles,  viz,,  the  albuminoid  or  organic  substances. 
Neither  starch  nor  oil  when  digested  in  it  at  the  temperature  of 
the  body,  sutlers  the  slightest  chemical  alteration.  Fatty  matters 
are  simply  melted  by  the  heat,  and  starchy  substances  are  only 
hydrated  and  gelatinized  to  a  certain  extent  by  the  combined  influ* 
ence  of  the  warmth  and  moisture.  Solid  and  semi-solid  albuminoid 
matters,  however,  are  at  once  attacked  and  liquefied  by  the  diges- 
tive fluid.  Pieces  of  coagulated  white  of  egg  suspended  in  it»  in  a 
test4ube,  are  gradually  softened  on  their  exterior,  and  their  edges 
become  pale  and  rounded.  They  grow  thin  and  transparent; 
and  their  substance  finally  melts  away,  leaving  a  light  scanty  de- 
posit, which  collects  at  the  bottom  of  the  test-tube.  While  tlio 
disintegrating  process  is  going  on^  it  may  almost  always  be  noticed 
that  minute,  opaque  spots  show  themselves  in  the  substance  of  the 
liquefying  albumen,  indicating  tliat  certain  pt^rts  of  it  are  less  easily 
attacked  than  the  rest ;  and  the  deposit  which  remains  at  the  l>ot- 
torn  iij  probably  .also  composed  of  some  ingredient,  not  soluble  ia 
the  gastric  juice.  If  pieces  of  fresh  meat  be  treated  in  the  same 
manner,  the  areolar  tissue  entering  into  its  compo.iition  is  first 
dksolved,  so  that  the  muscular  bundles  becume  more  distinct^  and 
separate  from  each  other.  They  gradually  fall  apart,  and  a  littlo 
brownish  deposit  ia  at  last  all  that  remains  at  the  bottom  of  llie 
tube.  If  the  hard  adipose  tissue  of  beef  or  mutton  be  subjecteil 
to  the  same  process,  the  walls  of  the  fat  vesicles  and  the  inter- 
vening areolar  tissue,  together  with  the  capillary  bloodvessels^  &c^ 
are  dissolved ;  while  the  oily  matters  are  set  free  from  their  en- 
velops, and  collect  in  a  white,  opaque  layer  on  the  surlace.  Ia 
cheese,  the  casein  is  dissolved,  and  the  oil  which  it  contxiins  set 
free.  In  bread  the  gluten  is  digested,  and  the  starch  left  un- 
changed. In  milk,  the  casein  is  first  coagulated  by  contact  with 
tlie  acid  gastric  fluids,  and  afterward  slowly  liquefied,  like  other 
albuminoid  substances. 
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The  time  required  for  the  complete  liquefaction  of  these  sub- 
stances varies  with  the  quantity  of  matter  present,  and  with  its  state 
of  cohesion.  The  process  is  hastened  by  occasionally  shaking  up 
the  mixture,  so  as  to  separate  the  parts  already  disintegrated,  and 
bring  the  gastric  fluid  into  contact  with  fresh  portions  of  the  diges- 
tible substance. 

The  liquefying  process  which  the  food  undergoes  in  the  gastric 
juice  is  not  a  simple  solution.  It  is  a  catalytic  transformation, 
produced  in  the  all^uminoid  substances  by  contact  with  the  organic 
matter  of  the  digestive  fluid.  This  organic  matter  acts  in  a  similar 
manner  to  that  of  the  catalytic  bodies,  or  "ferments,"  generally. 
Its  peculiarity  is  that,  for  its  active  operation,  it  requires  to  be  dis- 
solved in  an  acidulated  fluid.  In  common  with  other  ferments,  it 
requires  also  a  moderate  degree  of  warmth ;  its  action  being  checked, 
both  by  a  very  low,  and  a  very  high  temperature.  By  its  opera- 
tion the  albuminoid  matters  of  the  food,  whatever  may  have  been 
their  original  character,  are  all,  without  distinction,  converted  into 
a  new  substance,  viz.,  album inose.  This  substance  has  the  general 
characters  belonging  to  the  class  of  organic  matters.  It  is  uncrys- 
tallizable,  and  contains  nitrogen  as  an  ultimate  element.  It  is  pre^ 
cipitated,  like  albumen,  by  an  excess  of  alcohol,  and  by  the  metallic 
salts ;  but  unlike  albumen,  is  not  affected  by  nitric  acid  or  a  boil- 
ing temperature.  It  is  freely  soluble  in  water,  and  after  it  is  once 
produced  by  the  digestive  process,  remains  in  a  fluid  condition, 
and  is  ready  to  be  absorbed  by  the  vessels.  In  this  way,  casein, 
fibrin,  musculine,  gluten,  &c.,  are  all  reduced  to  the  condition  of 
albuminose.  By  experimenting  as  above,  with  a  mixture  of  food 
and  gastric  juice  in  test-tubes,  we  have  found  that  the  casein  of 
cheese  Is  entirely  converted  into  albuminose,  and  dissolved  under 
that  form.  A  very  considerable  portion  of  raw  white  of  egg,  how- 
ever,  dissolves  in  the  gastric  juice  directly  as  albumen,  and  retains 
its  property  of  coagulating  by  heat.  Soft-boiled  white  of  egg  and 
raw  meat  are  principally  converted  into  albuminose;  but  at  the 
same  time,  a  small  portion  of  albumen  is  also  taken  up  unchanged. 

The  above  process  is  a  true  liquefaction  of  the  albuminoid  sub- 
stances, and  not  a  simple  disintegration.  If  fresh  meat  be  cut  into 
small  pieces,  and  artificially  digested  in  gastric  juice  in  test-tubes, 
at  100®  F.,  and  the  process  assisted  by  occasional  gentle  agitation, 
the  fluid  continues  to  take  up  more  and  more  of  the  digestible 
material  for  from  eight  to  ten  hours.  At  the  end  of  that  time  if  it 
be  separated  and  filtered,  the  filtered  fluid  has  a  distinct,  brownish 
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color,  and  is  saturated  with  dissolved  animal  matter.    Its  Bpecifidi 
gravity  is  found  to  have, increased  from  1010  to  1020;  and  on  the] 
addition  of  alcohol  it  becomes  turbid,  with  a  very  abundant  whitish  j 
precipitate  (albuminose).    There  is  also  a  peculiar  odor  developed 
during  tlda  process^  which  resembles  that  produced  in  the  malting 
of  barley. 

Albuminose,  in  solution  in  gastric  juice,  has  several  peculiar  I 
properties.  One  of  the  most  remarkable  of  these  is  that  it  inter- 1 
feres  with  the  operation  of  Trommer's  tei?t  for  grape  sugar  (aee  ! 
page  68).  We  first  observed  and  described  this  peculiarity  in 
1854/  but  could  not  deterraine»  at  that  time,  upon  what  particular 
ingredient  of  the  gastric  juice  it  depended.  A  abort  time  subse- 
quently  it  was  also  noticed  by  M,  Louget,  in  Paris,  who  published 
his  observations  in  the  Oazette  Hehikmadairt  for  February  9th, 
1S55.'  He  attributed  the  reliction  not  to  the  gastric  juice  itself, 
but  to  the  albuminose  held  in  solution  by  it.  We  have  since  found 
this  explanation  to  be  correct.  Gastric  juice  obtained  from  the 
empty  stomach  of  the  fasting  animal^  by  irritation  with  a  metallic 
catheter,  which  is  clear  and  perfectly  colorless,  does  not  interfere 
in  any  way  with  Trommer's  test ;  but  if  it  be  macerated  for  some 
hours  in  a  test  lube  with  finely  chopped  meat,  at  a  temperature  of 
100^,  it  will  then  be  found  to  have  acquired  the  property  in  a 
marked  degree.  The  reaction  therefore  depends  undoubt4:^dly  upon  | 
the  presence  of  albuminose  in  solution.  As  the  gastric  juice,  drawn  ' 
from  the  dog's  stomach  half  an  hour  or  more  after  the  introiiuction 
of  food,  already  contains  some  albuminose  in  solution,  it  presents 
the  same  reaction.  K  such  gastric  juice  be  mixed  with  a  small 
quantity  of  glucose,  and  Trommers  test  applied,  no  peculiarity  \b 
observed  on  first  dropping  in  the  sulphate  of  copper;  but  on  adding 
afterward  the  solution  of  potassa^  the  mixture  takes  a  rich  purple  huc^  ' 
instead  of  the  clear  blue  tinge  which  is  presented  under  ordinary 
circumstances.  On  boiling,  the  color  changes  to  claret,  cherry  red, 
and  finally  to  a  light  yellow ;  but  no  oxide  of  copper  is  deposited,  and 
the  fluid  remains  clear.  If  the  albuminose  be  present  only  in  small 
quantity,  an  incomplete  reduction  of  the  copper  takes  place,  so  that 
the  mixture  becomes  ojialine  and  cloudy,  but  still  without  any  well 
marked  deposit.  This  interference  will  take  place  when  sugar  is 
present  in  very  large  proportion.    We  have  found  that  in  a  mix- 

»  Atnmcwn  Jonm.  Me<l.  e<ji.,  Oct.  1854  p*  31I>. 
'  NouvL*lles  recheirht's  relative*  ^  raoiion  da  tno  g&fttriqtie  sur  led  fiiki*t»n^>| 
ftlbmtl&noidfB.— (;<if.  Ihhd.  9  F  vrier,  1§55,  p.  103. 
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re  of  honey  and  gastric  juice  in  equal  volumes,  no  reduction  of 

:)pper   takes  place  on  the  application  of  Trommer^s  test.     It  is 

^markabley  however,  that  if  such  a  mixture  be  previously  diluted 

ith  an  equal  quantity  of  water,  the  interference  does  not  take 

ace,  and  the  copper  ia  deposited  aa  usual. 

Usually  tim  peculiar  reaction,  now  that  we  are  acquainted  with 
existence,  will  not  practically  prevent  the  detection  of  sugar, 
|fben  present ;  since  the  presence  of  the  sugar  is  distinctly  indi- 
by  the  change  of  color,  as  above  mentioned,  from  purple  to 
r,  though  the  copj)er  may  not  be  thrown  down  as  a  precipi- 
All  possibility  of  error,  furthermore,  may  be  avoided  by 
iopting  the  following  precautions.    The  purple  color,  already  men- 
>netl,  will,  in  the  first  place,  serve  to  indicate  the  presence  of  the 
jlbuminoid  ingredient  in  the  suspected  fluid.     The  mixture  should 
lien  be  evaporated  to  dryness,  and  extracted  with  alcohol,  in  order 
eliminate  the  animal  matters.    After  that,  a  watery  solution  of 
lie  sugar  contained  in  the  alcoholic  extract  will  react  as  usual  with 
Trommer's  test,  and  reduce  the  oxide  of  copper  without  diflacalty. 
Another  remarkable  property  of  gastric  juice  containing  albu- 
lainose,  which  is  not,  however,  peculiar  to  it,  but  common  to  many 
animal  fluids,  is  that  of  interfering  with  the  mutual  reaction 
'  Rtarch  and  iodine.     If  5j  of  such  gastric  juice  be  mixed  with  5j 
iodine  water,  and  boiled  starch  be  subsequently  added,  no  blue 
blor  is  produced ;  though  if  a  larger  quantity  of  iodine  water  be 
S,  or  if  the  tincture  be  used  instead  of  the  aqueous  solution, 
aperabundant  iodine  then  combines  with  the  starch,  and  pro- 
duces the  ordinary  blue  colon     This  property,  like  that  described 
>ve,  is  not  possessed  by  pure,  colorless,  gastric  juice,  taken  from 
empty  stomach,  but  is  acquired  by  it  on  being  digested  with 
albuminoid  substances. 

Another  important  action  which  takes  place  in  the  stomach, 
retion  of  the  giistric  juice,  is  the  peristaUic  movement 
This  movement  is  accomplished  by  the  alternate 
contraction  and  relaxation  of  the  longitudinal  and  circular  fibres 
of  its  muscular  coat.  The  motion  is  minutely  described  by  Dr. 
Aumont,  who  examined  it,  both  by  watching  the  movements  of 
lie  food  through  the  gastric  fistula,  and  also  by  introducing  into 
lie  stomach  the  bulb  and  stem  of  a  thermometer.  According  to 
i  observations,  when  the  food  first  passes  into  the  stomach,  and 
le  secretion  of  the  gastric  juice  commences,  the  muscular  coat, 
which  was  before  quiescent,  is  excited  and  begins  to  contract  act; 
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ively.    The  contraction  takes  place  in  such  a  manner  that  the  food,! 
after  entering  the  cardiac  orifice  of  the  stomach,  ia  first  carried  to 
the  left,  into  the  great  pouch  of  the  organ*  thence  downward  and  ^ 
along  the  great  curvature  to  the  pyloric  portion.     At  a  short  distanoa  S 
from  the  pylorus,  Dr.  B.  often  found  a  circular  constriction  of  the 
gastric  parietcs.  by  which  the  bulb  of  the  thermometer  was  gently 
grasped  and  drawn  toward  the  pylorus,  at  the  same  time  giving  a 
twisting  motion  to  the  stem  of  the  instrument,  by  which  it  was  | 
rotated  in  his  fingers.     In  a  moment  or  two.  however*  this  constric- 
tion was  relaxed,  and  the  bulb  of  the  thermometer  again  released, 
and  carried  together  with  the  food  along  the  small  curvature  of 
the  organ  to  its  cardiac  extremity.     This  circuit  was  repeated  so 
long  as  any  food  remained  in  the  stomach;  but,  as  the  liquefied 
portions  were  successively  removed  toward  the  end  of  digestion,  it ' 
became  less  active,  and  at  last  ceased  altogether  when  the  stomach 
bad  become  completely  empty,  and  the  organ  returned  to  its  ordi- 
nary quiescent  condition. 

It  is  easy  to  observe  the  muscitlar  action  of  the  stomach  during 
digestion  in  the  dog,  by  the  assistance  of  a  gastric  fistula,  artificially 
established.    If  a  metallic  catheter  be  introduced  through  the  fistula 
when  the  stomach  is  empty,  it  must  usually  be  held  carefully  in 
place,  or  it  will  fall  out  by  its  own  weight.     But  immediately  upon 
the  introduction  of  food,  it  can  be  felt  that  the  catheter  is  grasped 
and  retained  with  some  force,  by  the  contraction  of  the  muscular  ' 
coat.     A  twisting  or  rotatory  motion  of  its  extremity  may  also  be 
frequently  observed,  similar  to  that  described  by  Dr*  BcauraoDt. 
This  peristaltic  action  of  the  stomach,  however,  is  a  gentle  one» 
and  not  at  all  active  or  violent  in  character.    We  have  never  seen,  | 
in  opening  the  abdomen,  any  such  energetic  or  extensive  contrac* 
tions  of  the  stomach,  even  when  inll  of  food,  as  may  be  easily  j 
excited  in  the  small  intestine  by  the  mere  contact  of  the  atmosphere, 
or  by  pinching  them  with  the  blades  of  a  forceps.    This  action  of 
the  stomach,  nevertheless,  though  quite  gentle,  is  sufficient  to  pro- 
duce a  constant  churning  movement  of  the  masticated  food,  by 
which  it  is  carried  back  and  forward  to  every  part  of  the  stomach, , 
and   rapidly  incorporated  with  the  gastric  juice  which  is  at  the  j 
same  time   poured   out   by  the   mucous   membrane ;   so  that  the 
digestive  fluid  is  made  to  penetrate  equally  every  part  of  the  ali- 
mentary mass,  and  the  digestion  of  all  its  albuminous  ingrt^dients  I 
goes  on  simuHaneouiily.     This  gentle  and  continuous  moveuient  of  I 
the  stomach  is  one  which  cannot  be  successfully  imitated  in  expert-  j 
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ments  on  Artificial  digestion  with  gastric  juice*  in  test-tubes ;  and 
consequently  the  process,  under  these  circumstances,  is  never  so 
rapid  or  so  complete  as  when  it  takes  place  in  the  interior  of  the 
stomach. 

The  length  of  time  which  is  required  for  digestion  varies  in 
different  species  of  animals.  In  the  camivora,  a  moderate  meal  of 
fresh  uncooked  meat  requires  from  nine  to  twelve  hours  for  its 
complete  solution  and  disappearance  from  the  stomach.  According 
to  Dr.  Beaumont^  the  average  .time  required  for  digestion  in  the 
human  subject  is  considerably  less ;  varying  from  one  hour  to  five 
hoars  and  a  half,  according  to  the  kind  of  food  employed.  This 
is  probably  owing  to  the  more  complete  mastication  of  the  food 
which  takes  place  in  man,  than  in  the  carnivorous  animals.  By 
examining  the  contents  of  the  stomach  at  various  intervals  after 
feeding,  Dr.  Beaumont  made  out  a  list,  showing  the  comparative 
digestibility  of  different  articles  of  food,  of  which  the  following  are 
the  most  important : — 

Time  required  for  digestion,  according  to  Dr.  Beaumont : — 

KoTD  OF  Food.  Hours.    Mimttbs. 

Pig's  feet 1  00 

Tripe 1  00 

Troat  (broiled) 1  30 

VeniBon  steak 1  35 

Milk 2  00 

Boasted  turkey 2  80 

•«        beef 3  00 

"        jnntton 3  15 

Veal  (broiled) 4  00 

Salt  beef  (boiled) 4  15 

Boasted  pork 5  15 

The  comparative  digestibility  of  different  substances  varies  more 
or  less  in  different  individuals  according  to  temperament ;  but  the 
above  list  undoubtedly  gives  a  correct  average  estimate  of  the  time 
required  for  stomach  digestion  under  ordinary  conditions. 

A  very  interesting  question  is  that  which  relates  to  the  total 
quantity  of  gastric  juice  secreted  daily.  Whenever  direct  experi- 
ments have  been  performed  with  a  view  of  ascertaining  this  point, 
their  results  have  given  a  considerably  larger  quantity  than  was 
anticipated.  Bidder  and  Schmidt  found  that,  in  a  dog  weighing 
34  pounds^  they  were  able  to  obtain  by  separate  experiments,  con- 
soming  in  all  12  hours,  one  pound  and  three-quarters  of  gastric 
juice.  The  total  quantity,  therefore,  for  24  hours,  in  the  same  ani- 
mal, would  be  3  J  pounds ;  and,  by  applying  the  same  calculation  to 
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a  man  of  medium  size,  the  autbors  estimate  tlie  total  daUy  quantitj 
in  the  human  subject  as  but  little  less  than  14  pounds  (av.).  This 
estimate  is  probably  not  an  exaggerated  one.  Schmidt,*  in  his 
experiraenta  on  the  gastric  fistula  of  the  human  subject  already 
alluded  to,  found  the  secretion  of  gastric  juice  even  more  abundant 
than  the  above;  since,  in  a  woman  weighing  only  117  pounds,  he 
obtained,  as  the  mean  result  of  several  observations,  over  one  pound 
of  gastric  juice  from  the  fistula  in  the  course  of  an  hour. 

Owing,  however,  to  the  great  variation  in  the  secretion  of  the 
gastric  juice  at  different  times,  according  to  the  activity  of  dige-s- 
tion,  we  have  endeavored  to  determine  the  question  of  its  total 
daily  quantity  in  a  diiferent  manner,  by  experimenting  as  follows 
with  the  gastric  juice  of  the  dog. 

It  was  first  ascertained,  by  direct  experiment,  that  the  fr^esh 
lean  meat  of  the  bullock's  heart  loses,  by  complete  desiccation, 
78  per  cent,  of  its  weight.  800  grains  of  such  meat,  cut  into  small 
pieces^  were  then  digested  for  ten  hours,  in  Siss  of  gastric  juice  at 
lOO'^  F.;  the  mixture  being  thoroughly  agitated  as  ofteil  as  every 
houn  in  order  to  insure  the  digestion  of  as  large  a  quantity  of  meat 
as  possible.  The  meat  remaining  undissolved  was  then  collected 
on  a  previously  weighed  filter,  and  evaporated  to  dryness.  The 
dry  residue  weighed  55  grains.  This  represented,  allowing  for  the  | 
loss  by  evaporation,  250  grains  of  the  meat,  in  its  natural  moist 
cumiition  ;  50  grains  of  meat  were  then  dissolved  by  Siss  of  gastric 
juice,  or  33 J  grains  per  ounce. 

From  these  data  we  can  form  some  idea  of  the  large  quantity  oi 
gastric  juice  secreted  in  the  dog  during  the  process  of  digestion. 
OuQ  pound  of  meat  is  only  a  moderate  meal  for  a  medium-sized 
animal^  and  the  same  amount,  beside  other  articles  of  food,  is  I 
often  taken  by  the  human  subject  in  the  course  of  a  day;  —  a^d 
yet,  to  dissolve  this  quantity,  no  less  than  thirteen  pinU  of  gastrio 
juice  will  be  necessary*     This  quantity*  or  any  approximation  to  ' 
it,  would  be  altogether  incredible  if  we  did  not  recollect  that  the  i 
gastric  juice,  as  soon  as  it  has  dissolved  its  quota  of  food,  is  im- 
mediately reabsorbed,   and  again   enters  the   circulation,   together] 
with  the  alimentary  substances  which  it  holds  in  solution.     The  j 
secretion  and  reabsorption  of  the  gastric  juice  then  go  on  simulta- 
neously, and  the  fluids  which  the  blood  loses  by  one  process  are 
incessantly  restored  to  it  by  the  other.    A  very  large  quantitjrpj 
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therefore,  of  the  secretion  may  be  poured  out  during  the  digestion 
of  a  meal,  at  an  expense  to  the  blood,  at  any  one  time,  of  only  two 
or  three  ounoea  of  fluid.  The  simplest  investigation  shows  that 
the  gastric  juice  does  not  accumulate  in  the  stomach  in  any  con- 
gideruble  quantity  during  digestion;  but  that  it  is  gradually 
secreted  so  long  as  any  food  remains  undissolved,  each  portion^  as 
it  Is  digested^  being  disposed  of  by  reabsorption,  together  with  its 
solvent  fluid  There  is  accordingly,  during  digestion,  a  constant 
circulation  of  the  digestive  fluids  from  the  bloodvessels  to  the  ali- 
mentary  canal,  and  from  the  alimentary  canal  back  again  to  the 
bloodvessels. 

That  this  circulation  really  takes  place  is  proved  by  the  fol- 
lowing facts:  Firsts  if  a  dog  be  killed  some  hours  after  feeding, 
there  is  never  more  than  a  very  small  quantity  of  fluid  found  in 
the  stomach,  just  suiBcient  to  smear  over  and  penetrate  the  half 
digested  pieces  of  meat ;  and,  secondly,  in  the  living  animal,  gastric 
juice^  drawn  from  the  fistula  five  or  six  hours  after  digestion  has 
been  going  on,  contains  little  or  no  more  organic  matter  in  solution 
than  that  extracted  fifteen  to  thirty  minutes  after  the  introduction 
of  food.  It  has  evidently  been  freshly  secreted ;  and,  in  order  to 
obtain  gastric  juice  saturated  with  alimentary  matter,  it  must  be 
artificially  digested  with  food  in  test-tubes,  where  this  constant  ab- 
sorption and  renovation  cannot  take  place. 

An  unnecessary  difficulty  has  sometimes  been  felt  in  understand- 
[  ing  Low  it  is  that  the  gastric  juice,  which  digests  so  readily  all  albu- 
minous substances,  should  not  destroy  the  walls  of  the  stomach 
itself,  which  are  composed  of  similar  materials.     This,  in  fact,  was 
brought  forward  at  an  early  day,  as  an  insuperable  objection  to  the 
doctrine  of  Reaumur  and  Spallanzani,  that  digestion  was  a  process 
of  chemical  solution  performed  by  a  digestive  fluid.     It  was  said 
to  be  impossible  that  a  fluid  capable  of  dissolving  animal  matters 
L'gbuuld  be  secreted  by  the  walls  of  the  stomach  T«^thout  attacking 
*them  also,  and  thus  destroying  the  organ  by  which  it  was  itself 
produced.    Since  that  time,  various  complicated  hyi>otheses  have 
bbeen  framed,  in  order  to  reconcile  these  apparently  contradictory 
'facts.     The  true  explanation,  however,  as  we  believe,  lies  in  this — 
that  the  process  of  digestion  is  not  a  simple  solution,  but  a  catalytic 
transformation  of  the  alimentary  substances,  produced  by  contact 
with  the  pepgine  of  the  gastric  juie^.     We  know  that  all  the  or- 
(fanic  substances  in  the  living  tissues  are  constantly  undergoing,  in 
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the  process  of  nutrition,  a  series  of  catalytic  changes,  which 
characteristic  of  the  vital  operations,  and  which  are  determined  b; 
the  organized  materials  with  which  they  are  in  contact,  and  by  all 
the  other  conditions  present  in  the  living  organism.  These  changes, 
therefore,  of  nutrition,  secretion,  ic,  necessarily  exclude  for  the 
time  all  other  catalyses,  and  take  precedence  of  them.  In  the  same 
way,  any  dead  organic  matter,  exposed  to  warmtli,  air.  and  moist-! 
lire,  putrefies;  but  if  immersed  in  gastric  juice,  at  the  same 
temperature,  the  jmtrefactive  changes  are  stopped  or  altogether 

avented,  because  the  catalytic  actions,  excited  by  the  gastrio 
"^  juice,  take  precedence  of  those  which  constitute  putrefaction.  For 
a  similar  reason  the  organic  ingredient  of  the  gastric  juice,  whick^ 
acts  readily  on  dead  animal  matter,  has  no  eflect  on  the  livingH 
tissues  of  the  stomach,  because  they  are  already  subject  to  other  ~ 
catalytic  influences,  w^hich  exclude  those  of  digestion,  as  well  as 
those  of  putrefaction.  As  soon  as  life  departs,  however,  and  th^ 
peculiar  actions  taking  place  in  the  living  tissues  come  to  an  end] 
with  the  stoppage  of  the  circulationp  the  walls  of  the  stomach  ft 
really  attacked  by  the  gastric  juice  remaining  in  its  cavity,  aui 
are  more  or  less  completely  digested  and  liquefied.  In  the  human 
subject,  it  is  rare  to  make  an  examination  of  the  body  twenty-four 
or  thirty-six  hours  after  death,  without  finding  the  mucous  mem- 
brane of  the  great  pouch  of  the  stomach  more  or  less  softened  and 
disintegrated  from  this  cause.  Sumetiines  the  mucous  memumne 
is  altogether  destroyed,  and  the  submucous  cellular  layer  exposed ; 
and  occasionally,  when  death  has  takenr  place  suddenly  durin, 
active  digestion,  while  the  stomach  contained  an  abundance  oi 
gastric  juice,  all  the  coats  of  the  organ  have  been  found  de^troyei 
and  a  perforation  produced  leading  into  the  peritoneal  cavity. 
These  post-mortem  changes  show  that,  after  death,  the  gastric  jui( 
really  dissolves  the  coats  of  the  stomach  without  difficulty,  Bui 
during  life,  the  chemical  changes  of  nutrition,  which  are  going  oi 
in  their  tissues,  protect  them  from  its  influence,  and  effectual! 
preserve  their  integrity. 

The  secretion  of  the  gastric  juice  is  much  influenced  by  nervous 
conditions.  It  was  noticed  by  Dr.  Beaumont,  in  his  experiment 
upon  St.  Martin,  that  irritation  of  the  temper,  an<l  other  moral 
causes,  would  frequently  diminisli  or  altogether  suspend  ilie  suppi/ 
of  the  gastric  fluids.  Any  febrile  action  in  the  •system  or  any 
unusual  fatigue*  w^as  liable  to  exert  a  similar  eftect.  Every  ono  is 
aware  how  readily  any  mental  disturbance,  such  as  anxiety^  anger* 
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DT  vexation,  will  take  awajr  the  appetite  and  interfere  with  diges- 
ion.  Any  nervous  impression  of  this  kind,  occurring  at  the  com- 
mmcemenl  of  digestion,  seeina  moreover  to  produce  some  change 
rhich  has  a  lasting  eflect  upon  the  process;  for  it  is  very  often 
tioticed  that  when  any  annoyance,  hurry,  or  anxiety  oocurs  soun 
liter  the  food  has  been  taken,  though  it  raay  last  only  for  a  few 
moments,  the  digestive  process  is  not  only  liable  to  be  suspended 
>r  the  time,  but  to  be  p^ermauently  disturbed  during  the  entire 
iay.  In  order  that  digestion,  tlierefore,  may  go  on  properly  in  the 
itoiiiach,  food  must  be  taken  only  when  the  appetite  demands  it ; 
should  also  be  thoroughly  masticated  at  the  outset ;  and,  finally, 
5th  mind  and  body*  particularly  during  the  commencement  of  the 
process,  should  be  free  from  any  unusual  or  disagreeable  excite- 
mentw 
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-Prom  the  stomach,  those  portions  of  the  food  which  have  not 

already  sufiered  digestion  pass  into  the  third  division  of  the  ali* 

mentary  canal,  viz.,  the  small  intestine.     As  already  mentioned,  it 

g     is  only  the  albuminous  matters  which  are  digested  in  the  stomach. 

^Bane  sugar,  it  is  true,  is  slowly  converted  by  the  gastric  juice,  out- 

^Bide  the  body,  into  glucose.     We  have  found  that  ten  grains  of 

^Kane  sugar,  dissolved  in  Jss  of  gastric  juice,  give  traces  of  glucose 

at  the  end  of  two  hours;  and  in  three  hours^  the  quantity  of  this 

^■fcuWtance  is  considerable.     It  cannot  be  shown,  however,  that  the 

P^astric  juice  exerts  this  effect  on  sugar  during  ordinary  digestion. 

If  pure  sugar  cane  be  given  to  a  dog  with  a  gastric  fistula,  while 

^Bigestion  of  meat  is  going  on,  it  disappears  in  from  two  to  three 

^^^rs,  without  any  glucose  being  detected  in  the  fluids  withdrawn 

^^0k  the  stomach.     It  is,  therefore^  either  directly  absorbed  under 

the  form  of  cane  sugar,  or  passes,  little  by  little,  into  the  duodenum, 

Inhere  the  intestinal  fluids  at  once  convert  it  into  glucose. 

It  is  equally  certain  that  starchy  matters  are  not  digested  in  the 

>mach,  but  pass  unchanged  into  the  small  intestine.     Here  they 

tttret  with  the  mixed  intestinal  fluids,  which  act  at  once  upon  the 

arch,  and  convert  it  rapidly  into  sugar.     The  intestinal  fluids, 

iken  from  the   duodenum  of  a  recently  killed   dog,  exert  this 

ransforming  action  upon  starch  with  the  greatest  promptitude*  if 

I  with  it  in  a  test4ube,  and  kept  at  the  t<3mperature  of  100''  F. 

is  converted  into  sugar  by  this  means  much  more  rapidly 

ad  certainly  than  by  ihti  saliva;  and  experiment  show^    '       ll  e 
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intestinal  fluids  are  the  active  agents  in  its  digestion  during  life. 
If  a  dog  be  fed  with  a  mixture  of  meat  and  boiled  starch,  and  killed 
a  short  time  after  the  meal,  the  stomach  is  found  to  contain  starch 
but  no  sugar ;  while  in  the  small  intestine  there  is  an  abundance  of 
sugar,  and  but  little  or  no  starch.  If  some  observers  have  failed 
to  detect  sugar  in  the  intestine  after  feeding  the  animid  with 
starch,  it  is  because  they  have  delayed  the  examination  until  too 
late.  For  it  is  remarkable  how  rapidly  starchy  substances,  if  pre- 
viously disintegrated  by  boiling,  are  disposed  of  in  the  digestive 
process.  If  a  dog,  for  example,  be  fed  as  above  with  boiled  starch 
and  meat,  while  some  of  the  meat  remains  in  the  stomach  for 
eight,  nine,  or  ten  hours,  the  starch  begins  immediately  to  pass  into 
the  intestine,  where  it  is  at  once  converted  into  sugar,  and  then  a^ 
rapidly  absorbed.  The  whole  of  the  starch  may  be  converted  into 
sugar,  and  completely  absorbed,  in  an  hour*s  time.  We  have  even 
found,  at  the  end  of  three-quarters  of  an  hour,  after  a  tolerably 
full  meal  of  boiled  starch  and  meat,  that  all  trace  of  both  starch 
and  sugar  had  disappeared  from  both  stomach  and  intestine.  The 
rapidity  with  which  this  passage  of  the  starch  into  the  duodenum 
takes  place  varies,  to  some 

extent,  in  different  animals,  ^*^*  ^^' 

according  to  the  general  ac- 
tivity of  the  digestive  appa- 
ratus; but  it  is  always  a 
comparatively  rapid  proce.«s, 
when  the  starch  is  already 
liquefied  and  is  administered 
in  a  pure  form.  There  can 
be  no  doubt  that  the  natural 
place  for  the  digestion  of 
starchy  matters  is  the  small 
intestine,  and  that  it  is  ac- 
complished by  the  action  of 
the  intestinal  juices. 

Our  knowledece  is  not  very    ,    , 
complete  with  regard  to  the 

exact  nature  of  the  fluids  by  which  this  digestion  of  the  staroh  b 
accomplished.  The  juices  taken  from  the  duodenum  are  generally 
a  mixture  of  three  different  secretions,  viz.,  the  bile,  the  pancreatic 
fluid,  and  the  intestinal  juice  proper.  Of  these,  the  bile  may  bo 
left  out  of  the  question ;  since  it  does  not,  when  in  a  pure  states 
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ert  any  digestive  action  on  starch.  The  pancreatic  juice,  on  the 
her  hand,  has  the  property  of  converting  starch  into  sugar ;  but 
ia  not  known  whether  this  fluid  be  always  present  in  the  duode- 
im.  The  true  intestinal  juice  is  the  product  of  two  seta  of  glan- 
lular  organs,  seated  in  the  substance  of  or  beneatli  the  mucous 
uembrane,  viz.,  the  follicles  of  Lieberkiihn  and  the  glands  of  Brun- 
er.  The  first  of  these,  or  Lieberkuhu's  follicles  (Fig.  S2),  are  the 
Host  numerous.  They  are  simple,  nearly  straight  tubules,  lined 
ith  a  continuation  of  the  intestinal  epithelium,  and  somewhat 
similar  in  their  appearance  to  the  follicles  of  the  pyloric  portion  of 
the  stomach.  They  occupy  the  whole  thickness  of  the  mucous 
nembrane,  and  are  found  in  gre^it  numbers  throughout  the  entire 
ength  of  the  small  and  large  intestine. 
The  glands  of  Brunner  (Fig.  33),  or  the  duodenal  glandulae,  as 
they  are  sometimes  called,  are  confined  to  the  upper  part  of  the  duo* 

denum,  where  they  exist  as  a 
.  ^^^'  ^^  closely  set  layer,  in  the  deeper 

portion  of  the  mucous  mem- 
brane, extending  downward  a 
short  distance  from  the  pylo- 
rus.   They  are  composed  of 
a  great  number  of  rounded 
follicles,   clustered    round    a 
central  excretory  duct.   Each 
follicle  consists  of  a  delicate 
membranous  wall,  lined  with 
glandular     epithelium,     and 
covered  on  it^  surface  with 
small,  distinctly  marked  nu- 
clei.    The  follicles  collected 
around  each  duct  are  bound 
together  by  a  thin  layer  of 
lar  tissue,  and  covered  with  a  plexus  of  capillary  bloodvessels* 
The  intestinal  juice,  which  is  the  secreted  product  of  the  above 
r  organs,  has  been  less  successfully  studied  than  the  other 
fluids^  owing  tt>  the  difficulty  of  obtaining  it  in  a  pure 
te.     The  method  usually  adopted  has  been  to  make  an  opening 
the  abdomen  of  the  living  animal,  take  out  a  loop  of  intestine, 
ply  it  by  gentle  pressure,  and  tlien  to  shut  off  a  portion  of  it 
m  the  rest  of  tlie  intestinal  cavity  by  a  couple  of  ligatures, 
tuated  slat  or  eight  inches  apart ;  after  which  the  loop  is  returned 
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into  tlie  abdomen,  and  the  external  wound  closed  by  suture 
After  six  or  eight  hours  the  animal  is  killed,  nnd  the  fluid,  which 
has  collected  in  the  isolated  portion  of  intestine,  taken  out  and 
examined.  The  above  was  the  method  adopted  by  Frerichs.  Bid- 
der and  Schmidt,  in  order  to  obtain  pure  intestinal  juice,  first  tied 
the  biliary  and  pancreatic  ducts,  so  that  both  the  bile  and  the  pan- 
creatic juice  should  be  shut  out  from  the  intestine,  and  then  estab- 
lished an  intestinal  fistula  below,  from  which  they  extracted  the 
fluids  which  accumulated  in  the  cavity  of  the  gut.  From  the  great 
abundance  of  the  follicles  of  Lieberkuhn,  we  should  expect  to  find 
the  intestinal  juice  secreted  in  large  quantity.  It  appears,  however, 
in  point  of  fact,  to  be  quite  scanty,  as  the  quantity  collected  in  the 
above  manner  by  experimenters  has  rarely  been  sufficient  for  a 
thorough  examination  of  its  properties.  It  seems  to  resemble  very 
closely,  in  its  physical  characters,  the  secretion  of  the  mucous  folli- 
cles of  the  mouth-  It  is  colorless  and  glassy  in  appearance,  viscid 
and  raucous  in  consistency,  and  has  a  distinct  alkaline  reaction. 
It  has  the  property  when  pure,  as  well  as  when  mixed  with  other 
secretions,  of  rapidly  converting  starch  into  sugar,  at  the  tempera- 
ture of  the  living  body. 


Pakcreatic  Juice,  akd  the  Digestion  op  Fat.^ — The  only  re- 
maining ingredients  of  the  food  that  require  digestion  are  the  oily 
matters.  These  are  not  afl^ected,  as  we  have  already  stated,  by  con- 
tact with  the  gastric  juice ;  and  examination  shows,  furthermore, 
that  they  arc  not  digested  in  the  stomach.  So  long  as  they  remain 
in  the  cavity  of  this  organ  they  are  unchanged  in  their  essential 
properties.  They  are  merely  melted  by  the  warmth  of  the  stomach, 
and  set  free  by  the  solution  of  the  vesicles,  fibres,  or  capillary  tubes 
in  which  they  are  contained,  or  among  which  they  are  entangled ; 
and  are  still  readily  discernible  by  the  eye.  floating  in  larger  or 
smaller  drops  on  the  surface  of  the  semi-fluid  alimentary  mass. 
Very  soon,  however,  after  its  entrance  into  the  intestine,  the  oily 
portion  of  the  food  loses  its  characteristic  appearance,  and  is  con- 
verted into  a  white,  opaque  emulsion,  which  is  gradually  absorbed. 
This  emulsion  is  termed  the  chyle,  and  is  always  found  in  the  small 
intestine  during  the  digestion  of  fat,  entangled  among  the  valvulte 
conniventes.  and  adhering  to  the  surface  of  the  villi.  The  digestion 
of  the  oil,  however,  and  its  conversion  into  chyle,  does  not  take 
place  at  once  upon  its  entrance  Into  the  duodenum,  but  only  after 
it  has  passed  the  orifices  of  the  pancreatic  and  biliary  ducts.     Since 
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iiese  ducts  altnost  invariably  open  into  the  intestine  at  or  near  the 
ame  point,  it  was  fur  a  long  time  difficnlt  to  deoide  by  which  of 
the  two  accretions  the  digestion  of  the  oil  was  accomplisheth     M. 
ird,  however,  first  threw  ^me  light  on  this  question  by  ex- 
erimonting  on  some  of  the  lower  animals,  in  whkh  the  two  ducts 
separately.     In  the  rabbit,  for  example,  the  biliary  duct  opens 
usual  just  below  the  pyloru%  while  the  pancreatic  duct  com- 
municates with  the  intestine  8ome  eight  or  ten  inches  lower  down. 
Jernard  fed  these  animals  with  substances  containing  oil,  or  iu- 
ectcd  melted  butter  into  the  stomach  ;  and,  on  killing  them  after* 
rard,  found  that  there  waa  no  chyle  in  the  intestine  between  the 
jpening  of  the  biliary  and  pancreatic  ducts,  but  that  it  was  abim- 
lant  immediately  below  the  orifice  of  the  latter.     Above  this  point, 
0,  be  found  the  lacteala  empty  or  transparent,  while  below  it 
aoy  were  full  of  white  and  opaque  chyle.     The  result  of  these  ex- 
3riments»  which  have  since  been  confirmed  by  Prof.  Samuel /ack- 
Dn.  of  Philadelphia/  led  to  the  conclusion  that  the  pancreatic  fluid 
the  active  agent  in  the  digestion  of  oily  substances ;  and  an  ex- 
imi nation  of  the  properties  of  this  secretion,  when  obtained  in  a 
jure  state  from  the  living  animal,  fully  confirms  the  above  opinion. 
In  order  to  obtain  pancreatic  juice  from  the  dog,  the  animal 
be  etherized,  an  incision  made  in  the  upper  part  of  the  abdo* 
a  little  to  the  right  of  the  median  line,  and  a  loop  of  the  duo- 
lenum,  together  with  the  lower  extremity  of  the  pancreas  which 
bes  adjacent  to  it,  drawn  out  at  the  external  wound.     The  pancre- 
Itic  duct  is  then  to  be  exposed  and  opened,  and  a  small  silver 
canula  inserted  into  it  and  secured  by  a  ligature*     The  whole  ia 
aen  returned  into  the  abdomen  and  the  wound  closed  by  sutures, 
eaving  only  the  end  of  the  canula  projecting  from  it.     In  the  dog 
re  are  two  pancreatic  ducts,  situated  from  half  an  inch  to  an 
ach  apart.     The  lower  one  of  these,  which  is  usually  the  larger 
bf  the  two,  is  the  one  best  adapted  for  the  insertion  of  the  canula. 
pfThen  the  effects  of  etherization  have  passed  off,  the  animal  may  be 
ed,  and  soon  after  the  digestive  process  has  commenced,  the  pan- 
eatio  juice  l^egins  to  run  from  the  orifice  of  the  canula,  at  first 
tery  slowly  and  in  drops.     Sometimes  the  drops  follow  each  other 
rith  rapidity  for  a  few  moments,  and  then  an  interval  occurs  during 
rhich  the  secretion  seems  entirely  suspended.     After  a  time  it  re- 
lences,  and  continues  to  exhibit  similar  fluctuations  during 
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the  whole  course  of  tbe  experiment.  Its  flow,  however,  iB  at  all 
times  scanty,  compared  with  that  of  the  gastric  juice;  and  we  have 
never  been  able  to  collect  more  than  a  httle  over  two  fluidounces 
and  a  half  during  a  period  of  three  hours,  in  a  dog  weighing  not 
more  than  forty -five  pounds.  This  is  equivalent  t^  about  364 
grains  per  hour ;  but  as  the  pancreatic  juice  in  the  dog  is  secreted 
with  freedom  only  during  digestion,  and  as  this  process  is  in  opera- 
tion not  more  than  twelve  hours  out  of  the  twenty -four,  the  entire 
amount  of  the  secretion  for  the  whole  day,  in  the  dog,  may  be  esti- 
mated at  4,3t)8  grains.  This  result,  applied  to  a  man  weighing  140 
pounds,  would  give,  as  the  total  daily  quantity  of  the  pancreatic 
juice,  about  13,104  grains,  or  1.872  pounds  avoirdupois. 

Pancreatic  juice  obtained  by  the  above  process  is  a  clear,  color* 
less,  somewhat  viscid  fluid,  with  a  distinctly  alkaline  reaction.  Its 
composition,  according  to  the  analysis  of  Bidder  and  Schmidt,  is  as 
folio  vwj: — 

COMPOSfnOM  OF  PA5CEEATIC  JriCB. 

Water ,        .        .        .        •  900,76 

Organic  matter  (pancreatiue)     ,.....,  90.$$ 

Chloride  of  sodium 7*3(J 

Free  soda 0.33 

Phosphate  of  ioda 0.45 

Sutphnte  of  Boda 0*10 

Sulphnttfof  poiasBa 0.02 

t  Llino 0.54 

Combinations  of  V  Magnesia       ....#.,  0,05 

i  Oxide  of  iron         ..••..  0.02 

iwo.oa 
The  most  important  ingredient  of  the  pancreatic  juice  is  ita 
organic  matter,  or  panermtine.  It  will  be  seen  that  this  is  much 
more  abundant  in  proportion  to  the  other  ingredients  of  the  secre- 
tion than  the  organic  matter  of  any  other  digestive  fluid.  It  is 
coagulable  by  heat;  and  the  pancreatic  juice  often  solidifies  com* 
pletely  on  boiling*  like  white  of  egg,  so  that  not  a  drop  of  fluid  re- 
mains after  its  coagulation.  It  is  precipitated,  furthermore,  by 
nitric  acid  and  by  alcohol,  and  also  by  sulphate  of  magnesia  in 
exceiis.  By  this  hist  property,  it  may  be  distinguished  from  albu- 
men, which  is  not  affected  by  contact  with  sulphate  of  magnesia. 

Fre«h  pancreatic  juice,  brought  into  contact  with  oily  matters  &t 
the  temperature  of  the  bo<\y,  exerts  upon  them,  as  was  first  noticed 
by  Bernard,  a  very  peculiar  effect.  It  disintegrates  them,  and  re- 
duces  them  to  a  state  of  complete  emuLsion^  so  that  the  mixture,  is 
at  once  converted  into  a  white,  opaque_,  creamy-looking  fluid.     *t;.;^ 
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■eet  is  instantaneous  and  permanent,  and  only  requires  that  the 
o  substances  be  well  mixed  by  gentle  agitation.     It  is  singular 
t  gome  of  the  German  observers  should  deny  that  the  pancreatic 
lice  possesses  the  property  of  emulsioning  fat,  to  a  greater  extent 
an  the  bile  and  some  other  digestive  fluids ;  and  shoold  state  that 
hough,  when  shaken  up  with  oil,  outside  the  body,  it  reduces 
oily  particles  to  a  state  of  extreme  minuteness,  the  emulsion 
not  permanent,  and  the  oily  particles  "soon  separate  again  on 
ie  surface/'*     We  have  frequently  repeated  this  experiment  with 
fierenfc  specimens  of  pancreatic  juice  obtained  from  the  dog^  and 
hitve  never  failed  to  see  that  the  emulsion  produced  by  it  is  by 

Iit  more  prompt  and  complete  than  tliat  which  takes  place  with 
iliva,  gastric  juice,  or  bile.  The  ellect  produced  by  these  fluitls  is 
I  fact  altogether  insignificant,  in  comparison  with  the  prompt  and 
iiergetic  action  exerted  by  the  pancreatic  juice.  The  emulsion 
roduoed  with  the  latter  secretion  may  be  kept,  furthermore,  for  at 
least  twenty-four  hours,  according  to  our  observations,  without  any 
ipreciable  separation  of  the  oily  particlesj  or  a  return  to  their 
iginal  condition. 

The  pancreatic  juioe^  therefore,  is  peculiar  in  its  action  on  oily 
bstancea,  and  reduces  them  at  once  to  the  condition  of  an  emul- 
>a.  The  oil,  in  this  process,  does  not  suffer  any  chemical  altera- 
i>n.  It  is  not  decomposed  or  saponified,  to  any  appreciable  extent. 
I  is  simply  eniuhioned ;  that  is,  it  is  broken  up  into  a  state  of  minute 
ibdivision,  and  retained  in  suspension,  by  contact  with  the  organic 
attor  of  the  pancreatic  juice.  That  its  chemical  condition  is  not 
terod  is  shown  by  the  fact  that  it  is  still  soluble  in  ether,  which 
ill  withdraw  the  greater  part  of  the  fat  from  a  mixture  of  oil  and 
ncreatic  juice,  as  well  as  from  tlie  chyle  in  the  interior  of  the 
ttestine.  In  a  state  of  emulsion,  the  fat,  furthermore,  is  capable 
'  being  absorbed,  and  its  digestion  may  be  then  said  to  be  accom- 
ished. 

We  find,  then»  that  the  digestion  of  the  food  is  not  a  simple 
aeration,  bat  is  made  up  of  several   diflerent   processes,  which 
^mmenco  successively  in  different  portions  of  the  alimentary 
In  the  first  place,  the  food  is  subjected  in  the  mouth  to  the 
operations  of  mastication  and  insalivation.     Reduced  to  a 
pulp  and  mixed  abundantly  with  the  saliva,  it  passes,  secondly, 
the  stomach.    Here  it  excites  the  secretion  «f  the  gastric  juice, 
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by  the  influence  of  which  its  chemical  transformation  and  solution 
are  commenced.  If  the  meal  consist  wholly  or  partially  of  mus- 
cular flesh,  the  first  eftect  of  the  gastric  juic^  is  to  dissolve  the 
intervening  cellular  substance,  by  which  the  tissue  is  disintegrated 
and  the  muscular  fibres  separated  from  each  other.  Afterwrard 
the  muscular  fibres  themselves  become  swollen  and  softened  by 
the  imbibition  of  the  gastric  fluid,  and  are  finally  disintegrated 
and  liquefied.  In  the  small  intestine,  the  pancreatic  and  intestinal 
juices  convert  the  starchy  ingredients  of  the  food  into  sugar,  and 
break  up  the  fatty  matters  into  a  fine  emuJsion,  by  which  they 
converted  into  chyle. 

Although  the  separate  actions  of  these  digestive  fluids,  howeve^ 
commence  at  difierent  points  of  the  alimentary  canal,  they  after- 
ward go  on  simultaneously  in  the  small  intestine ;  and  the  changes 
which  take  place  here,  and  wliieh  constitute  the  process  of  intesttnal 
dujeMioHf  form  at  the  same  time  one  of  the  most  complicated,  and 
one  of  the  most  important  parts  of  the  whole  digestive  functioiL 

Tlie  phenomena  of  intestinal  digestion  may  be  studied,  in  th« 
dog,  by  killing  the  animal  at  various  periods  after  feeding,  and 
examining  the  contents  of  the  intestine.  We  have  also  succeeded, 
by  establishing  in  the  same  animal  an  artificial  intestinal  fistnla» 
in  gaining  still  more  satisfactory  information  on  this  point.  The 
fistula  may  be  established,  for  this  purpose,  by  an  operation  precisely 
similar  to  that  already  described  as  employed  for  the  production  of 
a  permanent  fistula  in  the  stomach.  The  silver  tube  having  been 
introduced  into  the  lower  part  of  the  duodenum,  the  wound  is 
allowed  to  heal,  and  the  intestinal  secretions  may  then  be  with- 
drawn at  will,  and  subjected  to  examination  at  different  periods 
during  digestion. 

By  examining  in  thifl  way,  from  time  to  time,  the  intestinal 
fluids,  it  at  once  becomes  manifest  that  the  action  of  the  gastrio 
juice,  in  the  digestion  of  albuminoid  substances,  is  not  confined  to 
the  stomach,  but  continues  after  the  food  has  passed  into  the  intes- 
tine. About  half  an  hour  aft^r  the  ingestion  of  a  meal,  the  gajstrio 
juice  begins  to  pass  into  the  duodenum,  where  it  may  be  recognized 
by  its  strongly-marketl  aciditVp  and  by  its  peculiar  action,  already 
described,  in  interfering  with  Trommer's  test  for  grape  sugar.  It 
has  accordingly  already  dissolved  some  of  the  ingredients  of  the 
food  while  still  in-  the  stomach,  and  contains  a  certain  quantity  of 
albuminose  in  solution.  It  soon  afterward,  as  it  continues  to  pass 
into  the  duodenum,  becomes  mingled  with  the  debris  of  muscular 
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fibres^  fat  vesicles,  and  oil   drops;   substances  which  are  easily 
recognizable  under  the  microscopei  and  which  produce  a  grayish 

turbidity  in  the  fluid  drawn 
from  the  fistula.  This  turbid 
admixture  grows  coutotantly 
thicker  from  the  second  to 
the  tenth  or  twelfth  hour; 
after  which  the  intestinal 
fluids  become  less  abundant, 
and  finally  disappear  almost 
entirely,  as  the  process  of  di- 
gestion comes  to  an  end. 

The  passage  of  disintegrated 
muscular  tissue  into  the  intes- 
tine may  also  be  shown,  as 
already  mentioned,  by  killing 
the  animal  and  examining 
the  contents  of  the  alimentary 
canaL  During  the  digestion 
of  muscular  llesh  and  adipose 
tissue,  the  stomach  contains 
masses  of  softened  meat, 
Bmeared  over  with  gastric 
juice,  and  also  a  moderate 
quantity  of  grayish,  grumous 
fluid,  with  an  acid  reaction. 
This  fluid  contains  muscular 
fibres,  isolated  from  each 
other,  and  more  or  less  dis- 
integrated, by  the  action  of 
the  gastric  juice.  (Fig.  34.) 
The  fat  vesicles  are  but  little 
or  not  at  all  altered  in  the 
stomach,  and  there  are  only 
a  few  free  oil  globules  to  be 
seen  floating  in  the  mixed 
fluids,  contained  in  the  cavity 
'of  the  organ.  In  the  duodenum  the  muscular  fibres  are  further 
J  di^iniegrated*  (Fig,  35.)  They  become  vory  much  broken  up,  pale 
ad  transparent,  but  can  still  be  recognized  by  the  granular  mark- 
lings  and  striations  which  are  characteristic  of  them.     The  fat  vesi* 


FtO»    Dun jiifiify*   OF    l>nn,  prtiiM)  DtOKH* 
[ftoM  i^r  IIkat — ft.  y»l  Wnlclc,  with  \U  coiiteniB 


144 


DIGESTION 


Fiil^veilcleft,  nearly  (^mpn«d  »f  tlieii  c«D4eA(«. 
Fig.  37. 


cles  also  begin  to  become  altered  in  the  diiodeimm,  Tlie  solic 
graoular  fat  of  beef,  and  similar  kinds  of  meat,  becomes  UqueliejJ 
and  emulsioned ;  and  ai>pear8 
under  the  form  of  free  oil 
drops  and  fatty  molecules; 
while  the  fat  vesiole  itself  is 
partially  emptied,  and  becomes 
more  or  less  collapsed  and 
shrivelled.  In  the  middle 
and  lower  parts  of  the  intes- 
tine (Figs.  36  and  37)  these 
changes  continue.  The  mus* 
cular  fibres  become  constantly 
more  and  more  disintegrated, 
and  a  large  quantity  of  granu- 
lar debris  is  produced,  which 
is  at  last  also  dissolved.  The  fat 
also  progressively  disappears, 
and  the  vesicles  may  be  seen  in 
the  lower  part  of  the  intestine^ 
entirely  collapsed  and  empty. 
In  this  way  the  digestion  of 
the  diflferent  ingredients  of 
the  food  goes  on  in  a  continu- 
ous manner,  from  the  stomach 
throughout  the  entire  length 
of  the  small  intestine.  At  the 
same  time,  it  results  in  the 
production  of  three  different 
substances,  viz ;  1st.  Albumi- 
nosc,  produced  by  the  action 
of  the  gastric  juice  on  the 
albuminoid  matters;  2d.  An 
oily  emulsion,  produced  by  the  action  of  the  pancreatic  juice  oo 
fat ;  and,  Sd,  Sugar,  produced  from  the  transformation  of  starch 
by  the  mixed  intestinal  fluids.  These  substances  are  then  re^y 
to  be  taken  up  into  the  circulation ;  and  as  the  mingled  ingro»lieut« 
of  the  intestinal  contents  pass  successively  downward,  through  the 
durxlenum,  jejunum,  and  ileum,  the  products  of  digestion,  together 
with  the  digestive  secretions  themselves,  are  gradually  absorbed, 
one  after  another*  by  the  vessels  of  the  raucous  membrane,  and 
carried  away  by  the  current  of  the  circulation. 
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The  Laboe  Intestine  and  its  Contents. — Throughout  the 
'small  iDtestine,  as  we  have  jast  seen,  the  seeretiotis  are  intended 
exclusively  or  mainly  to  act  upon  the  food,  to  liquefy  or  disinte- 
rate  it,  and  to  prepare  it  for  absorption.  But  below  the  situation 
the  ileo-csBcal  valve,  and  throughout  the  large  intestine,  the  con- 
tents of  the  alimentary  canal  exhibit  a  different  appearance,  and 
are  distinct  in  their  color,  odor,  and  consistency.  ^  This  portion  of 
the  intestinal  contents,  or  the  feces,  are  not  composed,  for  the  most 
party  of  the  undigested  remains  of  the  food,  but  consist  principally 
aninial  substances  discharged  into  the  intestine  by  excretion. 
aese  substances  have  not  all  been  fully  investigated;  for  although 
ihey  are  undoubtedly  of  great  importance  in  regard  to  the  preser- 
vation of  health,  yet  the  peculiar  manner  in  which  they  are  dis- 
aarged  by  ihe  mucous  membrane  and  united  with  each  other  in 
has  interfered,  to  a  great  extent,  with  a  thorough  investi- 
their  physiological  characters.  Those  which  have  been 
ttost  fully  examined  are  the  following: — 

Excretiiie, — This  was  discovered  and  described  by  Dr.  W.  Mar* 
Bit*  as  a  characteristic  ingredient  of  the  human  feces.  It  is  a  slightly 
alkaline,  crystallizable  substance,  insoluble  in  water,  but  soluble  in 
ether  and  hot  alcohol.  It  crystallizes  in  radiated  groups  of  four- 
sided  prismatic  needles.  It  fuses  at  204°  F,,  and  burns  at  a  higher 
temperature.  It  is  non-nitrogenous,  and  consists  of  carbon,  hydro- 
gen, oxygen,  and  sulphur,  in  the  following  proportions: — 

c„H^o,a 
It  is  thought  to  be  present  mostly  in  a  free  state,  but  partly  in  union 
with  certain  organic  acids,  as  a  saline  compound, 

Sterconjier — This  substance  was  found  to  be  an  ingredient  of  tho 
human  feces  by  Prof  A,  Flint,  Jr.*  It  was  found  by  Prof.  Flint  both 
in  the  human  feces  and  those  of  the  dog;  and  was  obtained  by  him 
in  proportions  varying  from  .0007  to  .003  of  the  whole  mass  of  the 
feces.  It  is  soluble  in  ether  and  boiling  alcohol,  and,  like  excretine, 
crystallizes  in  the  form  of  radiating  needles,  but  fuses  at  a  ranch 
lower  temperature.  It  is  regarded  by  its  discoverer  as  produced,  by 
transformation,  from  cholesterine,  one  of  the  ingredients  of  the  bile. 
Beside  these  substances,  the  feces  contain  a  certain  amount  of  fat, 
&tty  acids,  and  the  remnants  of  undigested  food.  Vegetable  cells  and 
fibres  may  be  detected,  and  some  debris  of  the  disintegrated  muscu- 
lar fibres  may  almost  always  be  found  after  a  meal  composed  of  ani- 
mal and  vegetable  substances.  But  little  absorption,  accordingly, 
takes  place  in  the  large  intestine.  Its  office  is  mainly  confined  to  the 
separation  and  discharge  of  certain  excrementitious  substances, 

i  Philos.  TruQS.,  Loud.,  1857,  p,  410.  *  Am.  Journ.  Med.  Set  ,  Oct.,  1862. 
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Beside  the  glands  of  Brunner  and  the  follicles  of  LieberkSbn, 
already  described,  there  are,  in  the  inner  part  of  the  walls  of  the 

intestine,  certaiii  glandular- 
is* ^'  looking   bodies    which    are 
termed  '*  glandulae  solitarifie;* 
and   "glandulas    agminate." 
The  glandulaa  solitarise  are 
globular    or    ovoid    bodies^ 
about  one-thirtieth  of  an  inch 
in  diameter,  situated  partly 
in  and  partly  beneath  the  in- 
testinal  mucous  membrane.] 
Each   glandule  (Fig.  38)  is ' 
formed  of  an  investing  cap- 
sule, closed  on  all  sides,  and 
containing  in   it43   interior  a 
soft  pulpy  mass,  which  con- 
sists of  minute  cellular  bodies^  i 
imbedded  in  a  homogeneous ' 
substance.  The  inclosed  mum 
is    penetrated   by    capillary 
bloodvessels,  which  pass  in 
through   the   investing  cap- 
sule, inosculate  freely  with  I 
each  other,  and  return  upon 
themselves  in  loops  near  the  j 
centre  of  the  glandular  body*] 
There  is  no  external  opening 
or  duct;  in  fact*  the  conientfl 
of  the  vesicle,  being  pulpy 
and  vascular,  as  already  de- 
scribed, are  not  to  lie  regarded  j 
as  a  secretion,  but  as  consti«] 
tuting  a  kind  of  solid  gland- 
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tissue.    The  gland  qI®  agmiaatae  (Fig,  39)y  or  "  Peyer^s  patches,"  as 

hey  are  sometimes  called,  coQsist  of  aggregations  of  similar  globular 

for  ovoid  bodies,  found  most  abundantly  toward  the  lower  extremity 

of  the  small  intestine.    Both  the  solitary  and  agminated  glandules 

are  evidently  connected  with  the  lacteals  and  the  system  of  the 

nesenterio  glands,  which  latter  organs  they  resemble  very  much  in 

lieir  minute  structure.     They  are  probably  to  be  regarded  as  the 

irst  row  of  mesenteric  glands,  situated  in  the  walls  of  the  intestinal 


Fig.  40. 


x^^ff^ 


lOther  set  of  organs,  intimately  connected  with  the  process  of 
absorption,  are  the  mlli  of  the  small  intestine.  These  are  conical 
vascuhir  eminences  of  the  mucous  membrane,  thickly  set  over  the 
^jprhole  internal  surface  of  the  small  intestine.  In  the  upper  portion  of 
^Bie  intestine,  they  are  flattened  and  triangular  in  form,  resembling 
^Homewhat  the  conical  projections  of  the  pyloric  portion  of  the  sto- 
^^macb.  In  the  lower  part  they  are  long  and  filiform,  and  often 
^^igbtly  enlarged,  or  club-shaped  at  their  free  extremity  (Fig.  40). 
and  frequently  attaining  the  length  of 
one  thirty-fifth  of  an  inch.  They  are 
covered  externally  with  a  layer  of 
lumnar  epithelium,  similar  to  that 
lines  the  rest  of  the  intestinal 
membrane,  and  contain  in  their 
tenor  two  sets  of  vessels.  The  most 
perflcial  of  these  are  the  capillary 
fcloodvessels,  which  are  supplied  in  each 
Ins  by  a  twig  of  the  mesenteric 
,  and  which  form,  by  their  fre- 
inosculation,  an  exceedingly  close 
and  abundant  network,  almost  imme- 
diiilely  beneath  the  epithelial  layer, 
ey  unite  at  the  base  of  the  villus, 
d  form  a  minute  vein,  which  is  one 
the  commencing  rootlets  of  the  por* 
rein*  In  the  central  part  of  the  vil- 
And  lying  nearly  in  its  axis,  there 
tjier  vessel,  with  thinner  and  more 

int  walls,  which  is  the  commencement  of  a  lacteal.    The 

anner  in  which  the  lacteal  originates  in  the  extremity  of 

le  villus  is  not  known.     It  commences  near  the  apex,  either  by  a 

,d  extremity,  or  by  an  irregular  plexus,  passes,  in  a  straight  or 
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somewhat  wavy  line,  towaixl  the  base  of  the  villus,  and  then 
comes  continuous  with  a  small  twig  of  the  ineaenteric  lacteals. 

The  villi  are  the  active  agents  in  the  process  of  abaorption.  By 
their  projecting  form,  and  their  great  abundance,  they  increase  enor- 
mously the  extent  of  surface  over  which  the  digested  fluids  come 
in  contact  with  the  intestinal  mucous  membrane,  and  increase^  also, 
to  a  corresponding  degree,  the  energy  with  which  absorption  takes  1 
place.  They  hang  out  into  the  nutritious,  semi-fluid  mass  contained  ] 
in  the  intestinal  cavity,  as  the  roots  of  a  tree  penetrate  the  soil ;  and 
they  imbibe  the  liquefied  portions  of  the  food,  with  a  rapidity  which 
is  in  direct  proportion  to  their  extent  of  surface,  and  the  activity  of 
their  circulation. 

The  process  of  absorption  is  alao  hastened  by  the  peristaltic 
movements  of  the  intestine.     The  muscular  layer  here,  as  in  other 
parts  of  the  alimentary  canal,  is  double,  consisting  of  both  circular 
and  longitudinal  fibres.     The  action  of  these  fibres  may  be  readily 
seen  by  pinching  the  exposed  intestine  with  the  blades  of  a  forceps. 
A  contraction  then  takes  place  at  the  spot  irritated,  by  which  the  i 
intestine  is  reduced  in  diameter,  its  cavity  obliterated,  and  its  con- 
tents forced  onward  into  the  succeeding  portion  of  the  alimentarv 
canal.     The  local  contraction  then  propagates  itself  to  the  neighbor- 
ing parts,  while  the  portion  originally  contracted  becomes  relaxed ;  | 
so  that  a  slow,  continuous,  creeixiog  motion  of  the  intestine  is  pro- 1 
duced,  by  successive  waves  of  contraction  and  relaxation,  which  | 
follow  each  other  from  above  downward.     At  the  same  time,  tie 
longitudinal  fibres  have  a  similar  alternating  action,  drawing  the 
narrowed  portions  of  intestine  up  and  down,  as  they  successively  I 
enter  into  contraction,  or  become  relaxed  in  the  intervals.   The  effect 
of  the  whole   is   to   produce  a  peculiar,  writhing,  worm-like,  or 
''vermicular'*  motion,  among  the  diflerent  coils  of  intestine.    During 
life,  the  vermicular  or  peristaltic  motion  of  the  intestine  is  excited 
by  the  presence  of  food  undergoing  digestion.    By  its  action,  the 
substances  which  pass  from  the  stomach  into  the  intestine  are 
steadily  carried  from  above  downward,  so  as  to  traverse  the  entire  I 
length  of  the  small  intestine,  and  to  come  in  contact  successively 
with  the  whole  extent  of  its  mucous  membrane.    During  this  pas- , 
sage,  the  absorption  of  the  digested  food  is  constantly  going  on.  1 
Its  liquefied  portions  are  taken  up  by  the  villi  of  the  mucous  mem- 
brane, and  succassively  disappear ;  so  that,  at  the  termination  of  the  - 
small  intestine,  there  remains  only  the  undigestible  portion  of  the] 
food,  together  with  the  refuse  of  the  intestinal  secretions.    Tbes&l 
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pass  through  the  ileo-csecal  orifice  into  the  large  intestine,  and  there 
become  reduced  to  the  condition  of  feces. 

The  absorption  of  the  digested  fluids  is  accoraplished  both  by 
the  bloodvessels  and  the  lacieals.  It  was  formerly  supposed  that 
the  lacteals  were  the  only  agents  in  this  process;  but  it  has  now 
been  long  known  that  this  opinion  was  erroneous,  and  that  the 
bloodvessels  take  at  least  an  equal  part  in  absorption,  and  are  in 
some  respects  the  most  active  and  important  agents  of  the  two. 
Abundant  experiments  have  demonstrated  not  only  that  soluble 

lubstances  introduced  into  the  intestine  may  be  soon  afterward 
detected  in  the  blood  of  the  portal  vein»  but  that  absorption  takes 
place  more  rapidly  and  abundantly  by  the  bloodvessels  than  by 
the  lacteals.  This  was  first  shown  by  Magendie,*  who  found  that 
the  absorption  of  poisonous  substances  would  take  place,  in  the  liv- 
ing animal,  both  from  the  cavity  of  the  intestine  and  from  the  tis- 
sues of  the  lower  extremity,  notwithstanding  that  all  communica- 

on  through  the  lacteals  and  lymphatics  was  cut  oft^  and  the  passage 
by  the  bloodvessels  alone  remained.  These  results  were  afterward 
corroborated  by  Panizza/  who  succeeded  in  detecting  the  substance 
which  had  been  absorbed  in  the  venous  blood  returning  from  the  part. 
This  observer  opened  the  abdomen  of  a  horse,  and  drew  out  a  fold  of 
the  small  intestine,  eight  or  nine  inches  in  length  (¥ig.41,  a,  a),  which 

Fig-  41. 
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he  included  between  two  ligatures.    A  ligature  was  tten  placed  (at 
I)  upon  tbe  mesenteric  vein  receiving  the  blood  from  this  portion  j 
of  intestine;  and,  in  order  that  the  circulation  might  not  be  inter- 1 
rupted,  an  opening  was  made  (at  (/)  in  the  vein  behind  the  ligature,  ( 
so  that  the  blood  brought  by  the  me-senteric  artery,  after  circulating 
in  the  intestinal   capillaries,  passed  out  at  the  opening,  and  was 
collected  in  a  vessel  for  examination.     Hydrocyanic  acid  was  then 
introduced  into  the  intestine  by  an  opening  at  c,  and  almost  inmie- 
diateiy  afterward  its  presence  was  detected  in  the  venous  blood 
flowing  from  the  orifice  at  d.     The  animal,  however,  was  not  poi- 
soned, since  the  acid  was  prevented  from  gaining  an  entrance  into  | 
the  general  circulation  by  the  ligature  at  b, 

Panizza  afterward  varied  this  experiment  in  the  following  man- 
ner:   Instead  of  tying  the  mesenteric  vein,  he  simply  compressed  it 
Then,  hydrocyanic  acid  being  introduced  into  the  intestine,  as  above, 
no  eftect  was  produced  on  the  animal,  so  long  as  compression  was 
maintained  upon  the  vein.     But  as  soon  as  the  blood  was  allowed 
to  pass  again  through  the  vessels,  symptoms  of  general  poisoning 
at  once  became  manifest*     Lastly^  in  a  third  experiment,  the  same 
observer  removed  all  the  nerves  and  lacteal  vessels  supplying  tbe  j 
intestinal  fold,  leaving  the  bloodvessels  alone  untouched.     Hydro- 1 
cyanic   acid   now  being  introduced  into  the  intestine,  found   ani 
entrance  at  once  into  the  general  circulation,  and  the  animal  was 
immediately  poisoned.     The  bloodvessels,  therefore,  are  not  only] 
capable  of  absorbing  fluids  from  the  intestine,  but  may  even  take ' 
them  up  more  rapidly  and  abundantly  than  the  lacteals. 

These  two  sets  of  vessels,  however,  do  not  absorb  all  the  aliment- 
ary mattt^rs  indiscriminately.     It  is  one  of  the  most  important  of 
the  facts  which  have  been  established  by  modern  researches  on 
digestion  that  the  different  substances,  produced  by  tbe  operation  of  j 
the  digestive  fluids  on  the  food,  pass  intiD  the  circulation  by  different 
routes.   The  fatty  matters  are  taken  up  by  the  lacteals  under  the  form 
of  chyle,  while  the  saccharine  and  albuminous  matters  pass  by  u\h  I 
sorption  into  the  portal  vein.     Accordingly,  after  the  digestion  of  a  ' 
meal  containing  starchy  and  animal  matters  mixed,  albuminose  and 
sugar  are  both  found  in  the  blood  of  the  portal  vein,  while  they  can- 
not be  detected,  in  any  large  quantity,  in  the  contents  of  the  lacteald. 
These  substances,  however,  do  not  mingle  at  once  with  the  general 
mass  of  the  circulation,  but  owing  to  the  anatomical  distribution  of 
the  portal  vein,  pass  first  through  the  capillary  circulation  of  thej 
liver.    Soon  after  being  introduced  into  the  blood  and  coming  in  J 
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E  ifi|^|iB|iic  ingredients,  tliey  become  altered  and  con- 
%  by  ca»^M  transformation,  into  other  substtmces.  The 
buminose  passes  into  the  condition  of  ordinary  albumen,  and 
bably  also  partly  into  that  of  fibrin ;  while  tbe  sugar  rapidly 
ines  decomposed,  and  loses  its  eharacteristic  properties;  so 
ithat>  on  arriving  at  the  entrance  of  the  general  circulation,  both 
^Bbese  newly  absorbed  ingredients  have  become  already  assimilated 
^T>  those  which  previously  existed  in  the  blood. 
L  The  chyle  in  the  intestine  consists,  as  we  have  already  mentioned^ 
^H^  oily  matters  which  have  not  been  chemically  altered,  but  simply 
^reduced  to  a  state  of  emulsion.  In  chyle  drawn  from  the  lacteals 
or  the  thoracic  duct  (Fig.  42),  it  still  presents  itself  in  the  same 
condition  and  retains  all  the 
clieraical    properties   of   oil.  Pig*  '^• 

Examined  by  the  microscope, 
it  is  seen  to  exist  under  the 
form  of  fine  granules  and 
molecules,  w^hich  present  the 
ordinary  appearances  of  oil 
in  a  state  of  minute  subdivi- 
sion.  The  chyle,  therefore, 
does  not  represent  the  entire 
product  of  the  digestive  pro- 
^^besSp  but  contains  only  the 
^^Btty  substances,  suspended 
^py  emulsion  in  a  serous  fluid. 
During  the  time  that  intes- 
tinal absorption  is  going  on, 
after  a  meal  containing  fatty 
iDgredients,  the  lacteals  may 

be  seen  as  white,  opaque  vessels,  distended  with  milky  chyle,  pass- 
ing through  the  mesentery,  and  converging  from  its  intestinal  bor- 
der toward  the  receptaculum  chyli,  near  the  spinal  column.    During 
beir  course,  they  pass  through  several  successive  rows  of  mesenteric 
is^  which  also  become  turgid  with  chyle,  while  the  process  of 
ion  is  going  on.    The  lacteals  then  conduct  the  chyle  to  the 
Bceptaculum  chyli,  whence  it  passes  upward  through  the  thoracic 
act,  and  is  finally  discharged,  at  the  termination  of  this  canal,  into 
the  left  subclavian  vein.  (Fig.  43 )     It  is  then  mingled  with  the 
^turning  current  of  venous  blood,  and  passes  into  the  right  cavities 
if  the  heart. 
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The  lacteals,  however,  are  not  a  special  system  of  vessels  by  them- 
selves, but  are  simply  a  part  of  the  great  system  of  *•  absorbent"  or 
**  lymphatic"  vessels,  which  are  to  be  found  everywhere  in  the  integu- 
ments of  the  head,  the  parietes  of  the  trank,  the  upper  and  lower 
extremities,  and  in  the  muscular  tissues  and  mucous  membranes 
throughout  the  body.  The  walls  of  these  vessels  are  thinner  and 
more  transparent  than  those  of  the  arteries  and  veins,  and  they  are 
consequently  less  easily  detected  by  ordinary  dissection.     They 

originate  in  the  tissues  of  the 
^^«'  ^^'  above-mentioned  parts  by  an 

irregular  plexus.  They  pass 
from  the  extremities  toward 
the  trunk,  converging  and 
uniting  with  each  other  like  the 
veins,  their  principal  branches 
taking  usually  the  same  di- 
rection with  the  nerves  and 
bloodvessels,  and  passings  at 
various  points  in  their  course^ 
through  certain  glandular  bo- 
dies, the  "  lymphatic"  or  "ab* 
sorbent"  glands.  'The  lym- 
phatic glands,  among  which 
are  included  the  mesenteric 
glands,  consist  of  an  external 
layer  of  fibrous  tissue  and  a 
contained  pulp  or  parenchy- 
ma. The  investing  layer  of 
fibrous  tissue  sends  off  thin 
septa  or  laminsQ  from  its  in- 
ternal surface,  which  pene- 
trate the  substance  of  the  gland 
in  every  direction  and  unite 
with  each  other  at  various 
points.  In  this  way  they  form 
an  interlacing  laminated  framework,  which  divides  the  substanoe 
of  the  gland  into  numerous  rounded  spaces  or  alveoli.  These  alveoli 
are  not  completely  isolated,  but  communicate  mth  each  other  bj 
narrow  openings^  where  the  intervening  septa  are  incomplete.  Those 
cavities  are  filled  with  a  soft,  reddish  pulp,  which  is  penetrated^ 
according  to  KoUiker,  like  the  solitary  and  agminated  glands  of  the 
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intestine,  by  a  fine  network  of  capillary  tloodve&sels,    Tlie  solitary 
and  agroinated  glands  of  the  intestine  are,  therefore,  closely  analo- 
gous in  their  structure  to  the  lymphatics.    The  former  are  to  be 
liegarded  as  simple,  the  latter  as  compound  vascular  glands. 

The  arrangement  of  the  lymphatic  vessels  in  the  interior  of  the 
glands  15  not  precisely  understood.  Each  lymphatic  vessel,  as  it 
caters  the  gland,  breaks  up  into  a  number  of  minute  ramifications, 
the  vasa  affercntia ;  and  other  similar  twigs,  forming  the  vasa  ^ff^nr- 
eniia,  pass  off  in  the  opposite  direction,  from  the  farther  aide  of  the 
gland;  but  the  exact  mode  of  communication  between  the  two  has 
not  been  definitely  ascertained.  The  fluids,  however,  arriving  by 
the  vasa  afferentia,  must  pass  in  some  way  through  the  tissue  of 
the  gland,  before  they  are  carried  away  again  by  the  vasa  efferentia, 
From  the  lower  extremities  the  lymphatic  vessels  enter  the  abdomen 
at  the  groin  and  converge  toward  the  receptaeuliim  chyli,  into 
which  their  fluid  i^  discharged,  and  afterward  conveyed,  by  the 
thoracic  duct,  to  the  left  subclavian  vein. 

The  fluid  which  these  vessels  contain  is  called  the  lymph.  It  is 
a  colorless  or  slightly  yellowish  transparent  fluid,  which  is  absorbed 
by  the  lymphatic  vessels  from  the  tissues  in  which  they  originate. 
So  far  as  regards  its  composition,  it  is  known  to  contain,  beside 
water  and  saline  matters,  a  small  quantity  of  fibrin  and  albumen. 
Its  ingredients  are  evidently  derived  from  the  metamorphosis  of 
the  tissues,  and  are  returned  to  the  centre  of  the  circulation  in 
order  to  be  eliminated  by  excretion,  or  in  order  to  undergo  some 
new  transforming  or  renovating  process.  We  are  ignorant,  how- 
ever, with  regard  to  the  precise  nature  of  their  character  and 
destination. 

The  lacteals  are  simply  that  portion  of  the  absorbents  which 
originate  in  the  mucous  membrane  of  the  small  intestine.  During 
the  intervals  of  digestion,  these  vessels  contain  a  colorless  and 
transparent  lymph,  entirely  similar  to  that  which  is  found  in  other 
parts  of  the  absorbent  system.  After  a  meal  containing  only 
f  Starchy  or  albuminoid  substances,  there  is  no  apparent  change  in 
\  the  character  of  their  contents.  But  ai\er  a  rneal  containing  fatty 
matters,  these  substances  are  taken  up  by  the  absorbents  of  the 
intestine,  which  then  become  filled  with  the  white  chylous  emul- 
aioDt  and  assume  the  appearance  of  lacteals.  (Fig,  44.)  It  is  for 
this  reason  that  lacteal  vessels  do  not  show  themselves  upon  the 
stomach  nor  upon  the  first  few  inches  of  the  duodenum ;  because 
oleaginous  matters,  as  we  have  seen,  are  not  digested  in  the  stomachy 
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tioguislied  in  the  circulating  fluid,  as  a  mixture  of  oily  molecules 

I  And  granules,  between  the  orifice  of  the  thoracic  duct  and  the  right 
tide  of  the  heart.  While  passing  through  the  pulmonary  circula- 
Bon,  however,  they  disappear.  Precisely  what  becomes  of  them, 
pr  what  particular  chemical  changes  they  undergo,  is  not  certainly 
inown.  They  are,  at  ail  events,  so  altered  in  the  blood,  while 
passing  through  the  lungs,  that  they  lose  the  form  of  a  fatty  emul- 
sion, and  are  no  longer  to  be  recognized  by  the  nsual  tests  for 
oleaginous  substances. 

The  absorption  of  fat  from  the  intestine  is  not,  however,  exclu- 
Kvely  performed  by  the  lacteals.     Some  of  it  is  also  taken  up, 
jlnder  the  same  form,  by  the  bloodvessels.     It  has  been  ascertained 
py  the  experiments  of  Bernard*  that  the  blood  of  the  mesenterio 
reins,  in  the  carnivorous  animals,  contains,  during  intestinal  diges- 
tion, a  considerable  amount  of  fatty  matter  in  a  state  of  minute 
ibdivision.   Other  observers,  also  (Lehmann,  Schultz,  Simon),  have 
>und  the  blood  of  the  portal  vein  to  be  considerably  richer  in  fat 
ban  that  of  other  veins,  particularly  while  intestinal  digestion  is 
Ding  on  with  activity.     In  birds,  reptiles,  and  fish,  furthermore, 
ccording  to  Bernard,  the  intestinal  lymphatics  are  never  filled 
Htb  opaque  chyle,  but  only  with  a  transparent  lymph ;  so  that  these 
limals  may  be  said  to  be  destitute  of  lacteals,  and  in  them  the  fatty 
bubstancea,  like  other  alimentary  materials,  arc  taken  up  altogether 
by  the  bloodvessels.    In  quadrupeds,  on  the  other  hand,  and  in 
the  human  subject,  the  absorption  of  fat  is  accomplished  both  by 
^the  bLxKlvessels  and  the  lacteals,     A  certain  portion  is  taken  up 
^By  the  former,  while  the  superabundance  of  the  fatty  emulsion  is 
^Hkbaorbed  by  the  latter. 

^"     A  difficulty  has  long  been  experienced  in  accounting  for  the  ab- 
I      sorption  of  fat  from  the  intestine,  omng  to  its  being  considered  as  a 
non-endosmotic  substance ;  that  is,  as  incapable,  in  its  free  or  undis- 
solved condition,  of  penetrating  and  passing  through  an  animal 
membrane  by  endosmosis.     It  is  stated,  indeed,  that  if  a  fine  oily 
imulsion  be  placed  on  one  side  of  an  animal  membrane  in  an  endos- 
loraeter,  and  pure  water  on  the  other,  the  water  will  readily  pene- 
ftte  the  substance  of  the  membrane,  while  the  oily  particles  cannot 
i  made  to  pass,  even  under  a  high  pressure.    Though  this  be  true, 
however,  for  pure  water,  it  is  not  true  for  slightly  alkaline  fluids, 
ike  the  serum  of  the  blood  and  the  lymph.    This  has  been  de- 


»  Le^^oos  d*i  Physfologie  Exp^ri mental e.     Paris,  1856,  p.  325. 
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monstrated  by  the  experiments  of  Matieucci  in  which  he  made 
an  emulsion  with  an  alkaline  fluid  containing  43  parts  per  thou- 
sand  of  caustic  potassa.  Such  a  solution  liaa  no  perceptible  alkaline 
taste,  and  its  action  on  reddened  litmus  paper  is  about  equal  lo 
that  of  the  lymph  and  chyle.  If  this  emulsion  were  placed  in  an 
endosmometer,  together  with  a  watery  alkaline  solution  of  similar 
strength,  it  was  found  that  the  oily  particles  penetrated  through  the 

animal    membrane    without 
^^'  *  ■  much  difficulty,  and  mingle<l 

with  the  fluid  on  the  opposite 
side.  Although,  therefore, 
we  cannot  explain  the  exact 
mechanism  of  absorption  in 
the  case  of  fat,  still  yro  know 
that  it  is  not  in  opposition  to 
the  ordinary  phenomena  of 
endosraosis;  for  endosmosis 
will  take  place  with  a  fatty 
emulsion,  provided  the  fluids 
used  in  the  experiment  be 
slightly  alkaline  in  reaction. 
It  is,  accordingly,  by  a  pro- 
Cess  of  endosmosis,  or  imbi- 
bition, that  the  villi  take  tip 
the  digested  fatty  substances.  There  are  no  open  orifices  or  canals, 
into  which  the  oil  penetrates ;  but  it  passes  directly  into  and  through 

the  substance  of  the  villi. 
The  epithelial  cells  covering 
the  external  surface  of  the 
villus  are  the  first  active 
agents  in  this  absorption*  In 
the  intervals  of  digestion  (Fig, 
45)  these  cells  are  but  slightly 
granular  and  nearly  trans- 
parent in  appearance,  Bui  If  ^ 
examined  during  the  diges- 
tion and  absorption  of  fill 
(Fig.  46),  their  substanoe  it ' 
seen  to  be  crowded  with  oUy 
particles,  which  they  hare 
taken  up  from  the  intestinal 

••ttiTAL  BPtTMSLiPM ;  from  IbeDoff.tlnhDf  •11  .-  rm 
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Hy  matter  then  passes  onward,  penetrating  deeper  and  deeper  into 
he  substance  of  the  villus,  nntil  it  is  at  last  received  by  the  capiU 
larj  vessels  and  lacteals  in  its  centre. 

The  fatty  substances  taken  np  by  the  portal  vein,  like  those  ab- 
sorbed by  the  lacteals,  do  not  at  once  enter  the  general  circulation, 
but  pa^s  first  tlirough  the  capillary  system  of  the  liver.  Thence 
they  are  carried,  with  the  blood  of  the  hepatic  vein,  to  the  right 
ide  of  the  heart,  and  subsequently  through  the  capillary  system  of 
tie  lungs.  During  this  passage  they  become  altered  in  character, 
9B  above  described,  and  lose  for  the  most  part  the  distinguishing 
characteristics  of  oily  matter,  before  they  have  passed  beyond  the 
pulmonary  circulation. 

But  as  digestion  proceeds,  an  increasing  quantity  of  fatty  matter 
finds  its  way,  by  these  two  passages,  into  the  blood ;  and  a  time  at 
last  arrives  when  the  whole  of  the  fat  so  introduced  is  not  destroyed 
during  its  passage  through  the  lungs.  Its  absorption  taking  place 
at  this  time  more  rapidly  than  its  decotn position,  it  begins  to  ap- 
ir,  in  moderate  quantity,  in  the  blood  of  the  general  circulation ; 
id,  lastly,  when  the  intestinal  absorption  is  at  its  point  of  greatest 
activity,  it  is  found  in  considerable  abundance  throughout  the 
itire  vascular  system.  At  this  period,  some  hours  after  the  luges- 
[)n  of  food  rich  in  oleaginous  matters,  the  blood  of  the  general 
culatiun  everywhere  contains  a  superabundance  of  fat,  derived 
>m  the  digestive  process.  If  blood  be  then  drawn  from  the  veins 
jries  in  any  part  of  the  body,  it  will  present  the  peculiar 
irance  known  as  that  of  ''chylous'^  or  '*  milky"  blood.  After 
the  separation  of  the  clot^  the  serum  presents  a  turbid  appearance ; 
and  the  fatty  substances,  which  it  contains,  rise  to  the  top  after  a 
BW  hours,  and  cover  its  surface  with  a  partially  opaque  and  creamy- 
>kiDg  pellicle.  Tins  appearance  has  been  occasionally  observed 
m  the  human  subject,  particularly  in  bleeding  for  apoplectic  attacks 
occurring  after  a  full  meal,  and  has  been  mistaken,  in  some  instances^ 
for  a  morbid  phenomenon.  It  is,  however,  a  perfectly  natural  one, 
ad  depends  simply  on  the  rapid  absorption,  at  certain  periods  of 
iion,  of  oleaginous  substances  from  the  intestine.  It  can  be 
aced  at  will,  at  any  time,  in  the  dog,  by  feeding  him  with  fat 
meat  and  drawing  blood,  seven  or  eight  hours  afterward,  from  the 
carotid  artery  or  the  jugular  vein. 

This  state  of  things  continues  for  a  varying  length  of  time,  ac- 

Drding  to  the  amount  of  oleaginous  matters  contained  in  the  food, 

ben  digestion  is  terminated,  and  the  fat  ceases  to  be  introduced 
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in  unusual  quantity  into  the  circulation,  its  transformation  and 
decomposition  continaing  to  take  place  in  tbe  blood,  it  disappears 
gradually  from  the  veins,  arteries,  and  capillaries  of  the  general 
system ;  and,  finally,  when  the  whole  of  the  fat  has  been  disposed 
of  by  the  nutritive  processes,  the  scrum  again  becomes  transparent, 
and  the  blood  returns  to  its  ordinary  condition. 

In  this  manner  the  nutritive  elements  of  the  food,  prepared  for 
absorption  by  the  digestive  process,  are  taken  up  into  the  circulation 
under  the  different  forms  of  albuminose,  sugar,  and  chyle,  and  accu- 
mulate as  such,  at  certain  times,  in  the  blood.  But  these  conditions 
are  only  temporary,  or  transitional.  The  nutritive  materials  soon 
pass,  by  catalytic  transformation,  into  other  forms,  and  become 
assimilated  to  the  pre-existing  elements  of  the  circulating  fluid. 
Thus  they  accomplish  finally  the  whole  object  of  digestion ;  which 
is  to  replenish  the  blood  by  a  supply  of  new  materials  from  without 
There  are,  however,  two  other  intermediate  processes,  taking  place 
partly  in  the  liver  and  partly  in  the  intestine,  at  about  the  same 
time,  and  having  for  their  object  the  final  preparation  and  perfec- 
tion of  the  circulating  fluid.  These  two  processes  require  to  be 
studied,  before  we  can  pass  on  to  the  particular  description  of  the 
blood  itself.  They  are :  Ist,  the  secretion  and  reabsorption  of  the 
bile ;  and  2d,  the  production  of  sugar  in  the  liver,  and  its  subse- 
quent decomposition  in  the  blood. 
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CHAPTER   VIII. 

THE  BILE. 

The  bile  is  more  easily  obtained  in  a  state  of  purity  than  any 
other  of  the  secretions  which  find  their  way  into  the  intestinal 
canal,  owing  to  the  existence  of  a  gall-bladder  in  which  it  accu- 
mulates, and  from  which  it  may  be  readily  obtained  without  any 
other  admixture  than  the  mucus  of  the  ^all-bladder  itself.  Not- 
withstanding this,  its  study  has  proved  an  unusually  difficult  one. 
This  difficulty  has  resulted  from  the  peculiar  nature  of  the  biliary 
ingredients,  and  the  readiness  with  which  they  become  altered  by 
chemical  manipulation ;  and  it  is,  accordingly,  only  quite  recently 
that  we  have  arrived  at  a  correct  idea  of  its  real  constitution. 

The  bile,  as  it  comes  from  the  gall-bladder,  is  a  somewhat  viscid 
and  glutinous  fluid,  varying  in  color  and  specific  gravity  according 
to  the  species  of  animal  from  which  it  is  obtained.  Human  bile  is 
of  a  dark  golden  brown  color,  ox  bile  of  a  greenish  yellow,  pig's 
bile  of  a  nearly  clear  yellow,  and  dog's  bile  of  a  deep  brown.  We 
have  found  the  specific  gravity  of  human  bile  to  be  1018,  that  of 
ox  bile  1024,  that  of  pig's  bile  1030  to  1036.  The  reaction  of  the 
bile  with  test-paper  cannot  easily  be  determined ;  since  it  has  only 
a  bleaching  or  decolorizing  effect  on  litmus,  and  does  not  turn  it 
either  blue  or  red.  It  is  probably  either  neutral  or  very  slightly 
alkaline.  A  very  characteristic  physical  property  of  the  bile  is 
that  of  frothing  up  into  a  soap-like  foam  when  shaken  in  a  test- 
tube,  or  when  air  is  forcibly  blown  into  it  through  a  small  glass 
tube  or  blowpipe.  The  bubbles  of  foam,  thus  produced,  remain 
for  a  long  time  without  breaking,  and  adhere  closely  to  each  other 
and  to  the  sides  of  the  glass  vessel. 

The  following  is  an  analysis  of  the  bile  of  the  ox,  based  on  the 
calculations  of  Berzelius,  Frerichs,  and  Lehmann : — 
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CoHpOBinosr  or  Or  B[le, 

Water ,  860.0(1 

Ol^ko-cbol&te  of  soda 

Taum-cholfttt*  **     " 

fiiliverdine  «         .         .         . 

Fate     ,        .        .        , 

Oleates,  margnniles,  and  steamk^  of  i^oda  and  potassa 

Cholesterln 

Chloride  of  sodium . 

Phosphate  of  soda 

'*  '*  lime 

*'  "  magnesia  .-.,.». 
Carbonates  of  Kwla  and  potassa  ....,, 
Muaus  of  the  galL-btadder 


»0.(J0 


13.42 


15,24 


1.34 

looo.oo] 

BiLiTERDlNB. — Of  the  above  mentioned  ingredicBts,  biUverdine^ 
is  peculiar  to  the  bile,  aod  therefore  important,  though  not  pre- 
sent in  large  quantity.  *  This  is  the  coloring  matter  of  the  bile 
It  is,  like  the  other  coloring  matters,  an  uncrystallizable  organic 
substance,  containing  nitrogen,  and  yielding  to  ultimate  analysis  a 
small  quantity  of  irun.  It  exists  in  such  small  quantity  in  the  bile 
that  its  exact  proportion  has  never  been  determined.  It  is  formed, 
so  far  as  can  be  ascertained,  in  the  substance  of  the  liver,  and  does 
not  pre-exist  in  the  blood.  It  may,  however,  be  reabsorbed  in 
cases  of  biliary  obstruction,  when  it  circulates  with  the  blood  and 
stains  nearly  all  the  tissues  and  fluids  of  the  body,  of  a  peculiar 
lemon  yellow  color.  This  is  the  symptom  which  is  characteri^ic  ' 
of  jaundice. 


CHOLESTERiNfO^UjaO). — ^This  is  a  crystalHzable  substance  which 
resembles  the  fats  in  many  respects ;  since  it  is  destitute  of  nitrogen, 
readily  inflammable,  soluble  in  alcohol  and  ether,  and  entirely  in* 
soluble  in  water.  It  is  not  saponifiable,  however,  by  the  action  of 
the  alkalies,  and  is  distinguished  on  this  account  from  the  ordinary 
fatty  substances.  It  occurs,  in  a  crystalline  form,  mixed  wnth  color- 
ing matter,  as  an  abundant  ingredient  in  most  biliary  calculi ;  and 
is  found  also  in  different  regions  of  the  body,  forming  a  part  of 
various  morbid  deposits.  We  have  met  with  it  in  the  fluid  of 
hydrocele,  and  in  the  interior  of  many  encysted  tumors.  The 
crystals  of  cholesterin  (Fig.  47)  have  the  form  of  very  thin,  color- 
less,  transparent,  rhorahoidal  plates,  portions  of  which  are  often 
out  out  by  lines  of  cleavage  parallel  to  the  sides  of  the  crystal. 
They  frequently  occur  deposited  in  layers,  in  which  the  outlines  of 
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the  subjacent  crystals  show  very  distinctly  through  the  substance 
of  those  which  are  placed  above.  Cholesterin  is  not  formed  in  the 
liver,  but  originates  in  the 
substance  of  the  brain  and 
nervous  tissue,  from  which 
it  may  be  extracted  in  large 
quantity  by  the  action  of 
alcohoL  It  has  also  been 
found,  by  Dr.  W.  Marcet,'  to 
exist,  in  considerable  abund- 
ance, in  the  tissue  of  the 
spleen.  From  all  these  tis- 
sues it  is  absorbed  by  the 
blood,  then  conveyed  to  the 
liver,  and  discharged  with 
the  bile. 

This  &Ct    has  been  fully  Cholbstieik,  from  an  Bncyrted  Tumor. 

confirmed  by  the  researches 

of  Pro£  A.  Flint,  Jr.,*  who  has  found  that  there  is  nearly  one-quarter 
part  more  cholesterin  in  the  blood  of  the  jugular  vein,  returning 
from  the  brain,  than  in  that  of  the  carotid  artery,  before  its  passage 
through  that  organ ;  and  that,  on  the  other  hand,  the  blood  of  the 
hepatic  artery,  as  well  as  that  of  the  portal  vein,  loses  cholesterin 
in  passing  through  the  liver,  so  that  but  a  small  quantity  can  be 
found  in  the  blood  of  the  hepatic  vein. 

The  cholesterin,  however,  after  being  poured  into  the  intestine 
with  the  bile,  is  decomposed  or  transformed  into  some  other  sub- 
stance^ since  it  is  not  discharged  with  the  feces.^  Its  decomposition 
is  probably  effected  by  the  contact  of  the  intestinal  fluids. 

BiLlABT  Salts. — ^By  far  the  most  important  and  characteristic 
ingredients  of  this  secretion  are  the  two  saline  substances  mentioned 
above  as  the  glyko-cholate  and  tauro-cholate  of  soda.  These  sub- 
stances were  first  discovered  by  Strecker,  in  1848,  in  the  bile  of  the 
ox.  They  are  both  freely  soluble  in  water  and  in  alcohol,  but  in- 
soluble in  ether.    One  of  them,  the  tauro-cholate,  has  the  property, 

1  PhUosophioal  Transaeiions,  London,  1867,  p.  418. 
*  Amerioan  Journ.  Med.  Sci.,  October,  1862. 
»  Prof.  A.  Flint,  Jr.,  in  Am.  Journ.  Med.  Sci.,  Oct.  1862. 
11 
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when  itself  in  solution  in  water,  of  dissolving  a  certain  qnantity  of  1 
fat;  and  it  is  probably  owing  to  tliis  circumstance  that  some  free  ' 
fat  is  present  in  the  bile.  The  two  biliary  substances  are  obtained  , 
from  ox  bile  in  the  foUo^nng  manner : — 

•The  bile  is  first  evaporated  to  dryness  by  the  water-bath.  The 
dry  residue  is  then  pulverized  and  treated  with  absolute  alcohol,  in  ^ 
the  proportion  of  at  least  5j  of  alcohol  to  every  five  grains  of  dryVj 
residue.  The  filtered  alcoholic  solution  has  a  clear  yellowish  color. 
It  contains,  beside  the  glyko-cholate  and  tauro-cholate  of  eoda,  the 
coloring  matter  and  more  or  less  of  the  fats  originally  pr^ent  in 
the  bile.  On  the  addition  of  a  small  quantity  of  ether,  a  dense, 
wliitish  precipitate  is  formed,  which  disappears  again  on  agitating 
and  thoroughly  mixing  the  fluids.  On  the  repeated  addition  of 
ether,  the  precipitate  again  falls  down,  and  when  the  ether  haa  been 
added  in  considerable  excess,  six  to  twelve  times  the  volume  of  the 
alcoholic  solution,  the  precipitate  remains  permanent,  and  the  wholo 
mixture  is  filled  with  a  dense,  whitish,  opaque  deposit,  consisting 
of  the  glyko-cholate  and  tauro-cholate  of  soda,  thrown  down  under' 
the  form  of  heavy  flakes  and  granules,  part  of  which  subside  to 


Fig.  48. 


Fig.  40. 


Ox*«iLR,  exit»di!>d  with  «.bi«1atd 
ftteohol  ftsd  prvelpliMted  «Uh  eUier 


f5f.Tif>-riiof.*Ti!    or    SoPA    riKOM    Ox- 
»f**r  (wo  dny*' eryitUlHxKiiuti.     At  ih«  lofr*r  f 
the  ti^nr«  lh«  erf  italt  ftra  mciUliig'  totu  dropt,  tram  tit 
evapnrHtloD  of  thtf  «tber  tod  ftbviorptloB  of  moi^lnm 


the  bottom  of  the  test-tube,  while  part  remain  for  a  time  m  sujpen^ 
sion.      Gradually  these  flakes  and  granules  unite  with  each  otbe 
and  fuse  together   into   clear,  brownish -yellow,  oily,  or  resinoua^l 


THE    BtLE* 


16S 


dug  drops.  At  the  bottom  of  the  test-tube,  after  two  or  three 
irs^  there  is  usually  collected  a  nearly  homogeneous  layer  of 
deposit,  while  the  remainder  continues  to  adhere  to  the  sides 
Pthe  glass  in  small,  circular,  transparent  drops.  The  deposit  is 
semi-6uid  in  consistency,  and  sticky,  like  Canada  balsam  or  half- 
melted  resin;  and  it  is  on  this  account  that  the  ingredients  compos- 
it  have  been  called  the  "  resinous  matters"  of  the  bile.  They 
re,  however,  no  real  chemical  relation  with  true  resinous  bodies, 
they  both  contain  nitrogen,  and  differ  from  resins  also  in 
ar  important  particulars. 

Lt  the  end  of  twelve  to  twenty-four  hours,  the  glyko  cholate  of 

soda  begins  to  crystallize.    The  crystals  radiate  from  various  points 

in  the  resinous  deposit,  and  shoot  upward   into   the   supernatant 

t fluids  in  white,  silky  handles.  (Fig*  48.)     If  some  of  these  crystals 

^■removed  and  examined  by  the  microscope,  they  are  found  to  be 

^r  a   very  delicate   acicular    form,  running   to   a   finely   pointed 

^xlremity,  and   radiating,  as  already  mentioned,  from   a   central 

^«it.     (Fig.  49.)     As  the  ether  evaporates,  the  crystals  absorb 

TOoistupe  from   the  air,  and  melt   up  rapidly  into    clear  resinous 

drops;   bo  that  it  is  difficult  to  keep  them  under  the  microscope 

long  enough   for  a  correct 
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|wmg  and  measurement 
crystallization  in  the 
rtube  goes  on  after  the 
day,  and  the  crystals  in- 
in  quantity  for  three 
ir,  or  even  five  or  six 
until  the  whole  of  tlie 
'  '  '  '»r  soda  present 
^^  :::_-i  he  solid  form. 
laQTo-cholate,  however, 
incrystallizable,  and  re- 
^ns  in  an  amorphous  con- 
jn.  If  a  portion  of  the 
'  deposit  be  now  removed  and 
examined  by  the  microscope, 
it  is  aeen  that  the  crystals  of 
glyko-cbolate  of  soda  have 
iDcreased  considerably  in  thickness  (Fig.  50),  so  that  their  trans- 
verse diameter  may  be  readily  estimated.  The  uncry stall izable 
tauro-cholate  appears  under  the  form  of  circular  drops,  varying 
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consideratly  ia  size,  clear,  transparent,  strongly  refractive, 
bounded  by  a  dark,  well-defined  outline.     Hiese  drop9  are  rwt  io  1 
distinguished,  hy  any  of  their  optical  properties ^  from  otl-globulcs,  i 
they  usually  appear  under  tbe  microscope.    They  have  the  same 
refractive  power^  the  same  dark  outline  and  bright  centre,  and  tboiM 
same  degree  of  consistency.     They  would  consequently  be  liable  at™ 
all  times  to  be  mistaken  for  oil-globules,  were  it  not  for  tbe  complete 
dissimilarity  of  their  chemical  properties. 

Both  the  glyko'cholate  and  taurO'cholate  of  soda  are  very  freely, 
soluble  in  water.     If  the  mixture  of  alcohol  and  ether  be  poureAj 
oflf  and  distilled  water  added,  the  deposit  dissolves  rapidly  and 
completely,  with  a  more  or  less  distinct  yellowish  color,  according 
to  the  proportion  of  coloring  matter  originally  present  in  the  bilew 
The  two  biliary  substances  present  in  the  watery  solution  may  he 
separated  from  each  other  by  the  folloijving  means.     On  the  addi- 
tion of  acetate  of  lead^  tlie  glyko-cholata  of  soda  is  decomposed, 
and  precipitates  as  a  glyko-cholate  of  lead.     The  precipitate,  sepa- 
rated by  filtration  from  the  remaining  fluid,  is  then  decomposed 
turn  by  carbonate  of  soda,  and  the  original  glyko-cholate  of  sodA 
reproduced.     The  filtered  fluid  which  remains,  and  which  contains 
the  tauro-cholate  of  soda,  is  then  treated  with  subacetate  of 
which  precipitates  a  tauro-cholate  of  lead.     This  is  separated  byi 
filtration,  washed,  and  decomposed  again  by  carbonate  of 
in  the  former  case. 

The  two  biliary  substances  in  ox  bile  may,  therefore,  be 
tinguished  by  their  reactions  with  the  salts  of  lead.  Both  trs 
precipitable  by  the  subacetate;  but  the  glyko-cholate  of  soda  is 
precipitable  also  by  the  acetate,  while  the  tauro-cholate  is  not  so. 
If  subacetate  of  lead,  therefore,  be  added  to  the  mixed  watery  sola 
tion  of  the  two  substances,  and  the  whole  filtered,  the  subsequent 
addition  of  acetate  of  lead  to  the  filtered  fluid  will  produce  no  pre^j 
cipitate,  because  both  the  biliary  matters  have  been  entirely  thrown 
down  with  the  deposit ;  but  if  the  acetate  of  lead  be  first  added^  it 
will  precipitate  the  glyko-cholate  alone,  and  the  tauro-cholate  may 
afterward  be  thrown  down  separately  by  the  subacetate. 

These  two  substances,  examined  separately,  have  been  found  to 
possess  the  following  properties : — 

Ghjko'cJiolate  of  soda  (NaO,C^^^,NO^j)  crystallizes,  when  precip4< 
tated  by  ether  from  its  alcoholic  solution,  in  radiating  bundles  of 
fine  white  silky  needles,  as  above  described.  It  ib  composed  of 
soda,  united  with  a  peculiar  acid  of  organic  origin,  viz.,  ylyho-ch^Ue 
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iiciW(C|,H^NO,^»HO).  This  acid  is  crjstallizable  and  contains  nitro- 
geo,  as  shown  bjr  the  abovo  formula,  which  is  that  given  by  Leh- 
xnami«  If  boiled  for  a  long  time  with  a  dilute  solution  of  potassa, 
glyko-cholic  acid  is  decomposed  with  the  production  of  two  new 
substances;  the  first  a  non-nitrogenous  acid  body,  chob'c  acid 
(C^Hj^^O^HO) ;  the  second  a  nitrogenous  neutral  body,  glycine 
(C^HjNOJ.  Henoe  the  name  glyko-cholic  acid,  given  to  the 
original  substance,  as  if  it  were  a  combination  of  cholic  acid  with 
glycine.  In  reality,  however,  these  two  substan^iea  do  not  exist 
originally  in  the  glyko-cholic  acid,  but  are  rather  new  combinations 
of  its  elements,  produced  by  long  boiling,  in  contact  with  |X)tassa 
and  water.  They  are  not,  therefore,  to  be  regarded  as,  in  any  way, 
natural  ingredients  of  the  bile,  and  do  not  throw  any  light  on  the 
real  constitution  of  glyko-cholic  acid. 

TaurO'cholate  of  soda  (NaO^C^H^NS^Oj^)  is  also  a  very  abundant 
ingredient  of  the  bile.  It  is  said  by  Robin  and  VerdeiP  that  it  is 
>t  crystallizable,  owing  probably  to  its  not  having  been  separated 
in  a  perfectly  pure  condition.  Lehniann  states,  on  the  con- 
\  that  it  may  crystallize,*  when  kept  for  a  long  time  in  contact 
th  ether.  We  have  not  been  able  to  obtain  this  substance,  bow- 
er, in  a  crystalline  form.  Its  acid  constituent,  tauro-choUc  acidf 
a  nitrogenous  body,  like  glyko-cholic  acid,  but  differs  from  the 
latter  by  containing  in  addition  two  equivalents  of  sulphur.  By 
long  boiling  in  a  dilute  solution  of  potassa,  it  is  decomposed  with 
the  production  of  two  other  substances ;  the  first  of  them  the  same 
acid  body  mentioned  above  as  derived  from  the  glyko-cholic,  viz., 
eholic  acid;  and  the  second  a  new  nitrogenous  neutral  body,  vi^., 
taurine  (C  JI^NSaOJ*  The  same  remark  holds  good  with  regard  to 
these  two  bo<iies,  that  we  have  already  made  in  respect  to  the  sup- 
posed constituents  of  glyko-cholic  acid.  Neither  cholic  acid  nor 
taurine  can  be  properly  regarded  as  really  ingredients  of  tauro- 
cholic  acid,  but  only  as  artificial  products  resulting  from  its  altera- 
tion  and  decomposition. 

The  glyko-cholates  and  tauro-cholates  are  formed,  so  far  as  we 
know,  exclusively  in  the  liver;  since  they  have  not  been  found  in 
the  blood,  nor  in  any  other  part  of  the  body,  in  healthy  animals ; 
nor  even,  in  the  experiments  of  Kunde,  Moleschott,  and  Lehmann 
on  frogs,'  after  the  entire  extirpation  of  the  liver,  and  consequent 

»  Chimie  ^Anatoroique  ©t  PhysioloipqTie,  vol,  \U  p.  47^. 

»  Ph^TBiologioal  Chemistry,  Phii.  &i.,  vol.  S,  p,  209* 

»  LehmAxm'8  Physiological  Chemiatry,  Phil,  ed*,  vol.  L  p.  47G. 
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suppression  of  the  bile.    These  substances  are^  therefore,  produc^l 
in  the  glandular  cells  of  the  liver,  by  transformation  of  some  other ' 
of  their  ingredients.     They  are  then  exuded  in  a  soluble  form,  a^ 
part  of  the  bile,  and  finally  discharged  by  the  excretory  hepatic  j 
ducts. 

The  two  substances  described  above  as  the  tauro-cbolate  and  j 
glyko-cholate  of  soda  exist,  properly  speaking,  only  in  the  bile  of  ■ 
the  ox,  where  they  were  first  discovered  by  Strecker.     In  examin-  ^ 
ing  the  biliary  secretions  of  diftercnt  species  of  animals,  Strecker 
found  80  great  a  resemblance  between  them,  that  he  was  disposed 
to  regard  their  ingredients  as  essentially  the  same.     Having  estab- 
lished  the  existence  in  ox*bile  of  two  peculiar  substancea,  <me  , 
crystallizable  and  non-sulphurous  (glyko-cholate),  the  other  uncrys-i 
ullizable  and  sulphurous  (tanro-cholate),  he  was  led  to  consider  I 
the  bile  in  all  species  of  animals  as  containing  the  same  substances, 
and  as  diftering  only  in  the  relative  quantity  in  which  the  two 
were  present.    The  only  exception  to  this  was 
supposed  to  be  pig's  bile,  in  which  Strecker  found  j 
a   peculiar   organic    acid,   the    "hyo-cholie"   ori 
*'  hyo-cholinic"  acid,  in  combination  with  soda  as  ^ 
a  base* 

The  above  conclusion  of  his,  however,  was  not  ^ 
entirely  correct.     It  is  true  that  the  bile  of  all 
animals,  so  far  as  examined^  contains  peculia 
substances,  which  resemble  each  other  in  beingl 
freely  soluble  in  watcr^  soluble  in  absolute  aIoo«f 
hoi,  and  insoluble  in  ether ;  and  in  giving  also  a 
peculiar  reaction  with  Pettenkofer's  testj  to  be 
described  presently.     But,  at  the  same  time,  these 
substances  present  certain  minor  diSerenGes  in 
different  animals^  which  show  them  not  to  be 
identical. 

In  dog's  bile,  for  example,  there  are.  as  in  ox- 
bile,  two  substances  precipitable  by  ether  fromj 
their  alcoholic  solution;   one  crystallizable,  the! 
other  not  so.    But  the  former  of  these  substance*^ 
crystallizes  much  more  readily  than  the  glyko- 
cholate  of  soda  from  ox-bile.    Dog*s  bile  will  not  nnfrequently  begin 
to  cryst4illize  freely  in  five  to  six  hours  after  precipitation  by  etber 
(Fig.  51) ;  while  in  ox -bile  it  is  usually  twelve,  and  often  twenty*j 
four  or  even  forty<eight  hours  before  crystallization  is  fully  eatab-l 
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But  it  is  more  particularly  in  their  reaction  with  the  aalts 
id  that  the  difference  between  these  substances  becomes  mani- 
st.  For  while  tlie  cry  stall  izable  substance  of  ox-bile  is  precipi- 
lited  by  acetate  of  lead,  that  of  dog*g  bile  is  not  affected  by  it.  If 
jg'd  bile  be  evaporated  to  Jrynesa,  extracted  with  absolute  alcohol p 
\  alcoholic  sulution  precipitated  by  ether,  and  the  ether  precipitate 
lien  dissolved  in  water,  the  addition  of  acetate  of  lead  to  the  watery 
>lution  produces  not  the  slighest  turbidity*  If  subacetate  of  lead 
then  added  in  excess,  a  copious  precipitate  falls,  composed  of  both 
be  crystallizable  and  uncrystallizable  substances.  If  the  lead  pre- 
Spitate  be  then  separated  by  filtration,  washed,  and  decomposed, 
above  descfibed,  by  carbonate  of  sotla,  the  watery  solution  will 
>ntain  the  re-formed  soda  salts  of  the  bile.  The  watery  solution 
may  then  be  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
and  the  alcoholic  solution  precipitated  by  ether;  when  the  ether 
>recipitate  crystallizes  partially  after  a  time  as  in  fresh  bile.  Both 
be  biliary  matters  of  dog's  bile  are  therefore 
krecipitable  by  subacetate  of  lead,  but  neither  of  ^h-  &-- 

lem  by  the  acetate.     Instead  of  calling  them, 
^nsequently,  glyko-cholate  and  tauro  cholate  of 
la,  we  shall  speak  of  them  simply  as  the  '^  crys- 
lUine"  and  "  resinous*^  biliary  substances. 

In  cat*s  bile,  the  biliary  'fiubstances  act  very 
inch  as  in  dog's  bile.     The  ether  precipitate  of 
be  alcoholic  solution  contains  here  also  a  crys* 
line  and  a  resinous  substance ;  both  of  which 
iprecipitablefrom  their  watery  solution  by  sub- 
cetate  of  lead,  but  neither  of  them  by  the  acetate. 
In  human  bile  there  is  also  a  crystallizable  sub- 
iQce;  but  this  substance,  according  to  our  own 
fions,  is  in  much  smaller  quantity  than  in 
;-;oing  cases.     In  the  alcoholic  extract  of 
ied  human  bile,  which  has  been  precipitated  by 
kher,  the  crystals  which  show  themselves  are  of 

iriousforms  and  almost  microscopic  insize.  (Fig.  ciftTAttiwi  awd  r»- 
52).  Some  of  them  are  feathery  m  appearance,  ^ehb  from  Huro.%tiDu«.«ic. 
consisting  of  two  or  three  diverging  needles,  '"^^'^^  *""'  ''**"'^'"'"  ^*'*' 
With  secondary  needle-shaped  crystals  growmg  >tiiet.  Mngniflwi  as di«me- 
from  their  lateral  edges.  Others,  which  are  the  *'"' 
[lost  abundant  and  characteristic,  are  octohedral  or  diamond-shaped, 
^metimes  with  irregular  sides  and  truncated  angles.     Others  still 
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assume  the  form  of  rosetteSi  more  or  leas  perfect,  consistin^f 
fine,  irregular,  radiating  fibres^     These  crystals  are  mingled  with 
an  abuudant  deposit  of  resinous  drops,  similar  to  those  of  the  tauro* 
cholate  of  soda  from  ox-bile* 

K  the  biliary  deposit  from  human  bile,  thus  prepared,  be  sepa-  J 
rated  by  decantation  and  dissolved  in  water,  it  precipitates  from  the  H 
watery  solution  by  both  the  acetate  and  subacet^te  of  lead.  This 
might,  perhaps,  be  attributed  to  the  presence  of  two  different  sub- 
stances, as  in  ox-bile,  one  precipitated  by  the  acetate,  the  other  by 
the  subacetate  of  lead.  Such,  however,  is  not  the  case.  For  if  the 
watery  solution  be  precipitated  by  the  acetate  of  lead  and  then  fil- 
tered, the  filtered  fluid  gives  no  precipitate  afterward  by  the  subace- 
tate; and  if  first  precipitated  by  the  subacetate,  it  gives  no  precipi* 
tate  after  filtration  by  the  acetate.  The  entire  biliary  ingredients* 
therefore,  of  human  bile  are  precipitated  by  both  or  either  of  the 
salts  of  lead. 

In  pig's  bile  no  crystallizable  ingredient  has  been  discovered,  bat 
the  ether-precipitate  is  altogether  resinous  in  appearance.  Its 
watery  solution,  however,  is  abundantly  precipitated,  as  in  hnm«i> 
bile,  by  both  the  acetate  and  subacetate  of  lead. 

Diflerent  kinds  of  bile  vary  also  in  other  respects ;  aa,  for  ^- 
ample,  their  specific  gravity,  the  depth  and  tinge  of  their  color,  the 
quantity  of  fat  which  they  contain,  Ifo.  &c.  We  have  already 
mentioned  the  variations  in  color  and  specific  gravity.  The  alco- 
holic solution  of  dried  ox-bile,  furthermore,  does  not  precipitate  at 
all  on  the  addition  of  water ;  while  that  of  human  bile,  of  pigs 
bile,  and  of  dog's  bile  precipitate  abundantly  with  distilled  water, 
owing  to  the  quantity  of  fat  which  they  hold  in  solution.  These 
variations,  however,  are  of  secondary  importance  compared  with 
those  which  we  have  already  mentioned,  and  which  show  that  the 
crystalline  and  resinous  substances  in  diflerent  kinds  of  bile,  though 
resembling  each  other  in  very  many  respects,  are  yet  in  reality  far 
from  being  identical* 

Tests  for  Bile. — In  investigating  the  physiology  of  any  animal 
fluid  it  is,  of  course,  of  the  first  importance  to  have  a  convenient 
and  reliable  test  by  which  its  presence  may  be  detected.  For  a 
long  time  the  only  test  employed  in  the  case  of  bile,  was  that  which 
depended  on  a  change  of  cohr  produced  by  oxidizing  substances.  If 
the  bile,  for  example,  or  a  mixture  oontaining  bile,  be  exposed  in 
an  open  glass  vessel  for  a  few  hours,  the  upper  layers  of  the  fluidr 
which  are  in  contact  with  the  atmosphere,  gradually  assume  A 
greenish  tinge,  which  becomes  deeper  with  the  length  of  time  which 
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5S,  and  tbe  quantity  of  bile  existing  in  the  fluid.  Nitric  acid, 
added  to  a  mixture  of  bile  and  sluiken  up.  produces  a  dense  preci- 
pitate which  takes  a  bright  gras3*grecn  hue.  Tincture  of  iodine 
produces  the  same  change  of  color,  when  added  in  small  quaniitj; 
and  probably  there  are  various  other  substances  which  would  have 
the  i?ame  efiect.  It  is  by  this  test  that  the  bile  has  so  often  been 
I  recognized  in  the  urine,  serous  effusions,  the  solid  tissues,  &c.,  in 
teases  of  jaundice.  But  it  is  very  insufiBcient  for  anything  like 
accurate  investigation,  since  the  appearances  are  produced  simply 
by  the  action  of  an  oxidizing  agent  on  the  coloring  matter  of  the 
-bile.  A  green  color  produced  by  nitric  acid  does  not.  therefore^ 
indicate  the  presence  of  the  biliary  substances  proper,  but  only  of 
tbe  biliverdine.  On  the  other  hand,  if  the  coloring  matter  be  ab- 
sent, the  biliary  substances  themselves  cannot  bo  detected  by  it. 
For  if  the  biliary  substances  of  dog^s  bile  be  precipitated  by  ether 
from  an  alcoholic  solution,  dissolved  in  water  and  decolorized  by 
animal  charcoal,  the  colorless  watery  solution  will  then  give  no 
green  color  on  the  addition  of  nitric  acid  or  tincture  of  iodine, 
though  it  may  precipitate  abundantly  by  subacetate  of  lead,  and 
give  the  other  reactions  of  the  crystalline  and  resinous  biliary 
matters  in  a  perfectly  distinct  manner* 

Pdienkfi/ers  T^st — This  is  undoubtedly  the  best  test  yet  pro- 
posed for  the  detection  of  the  biliary  substances*  It  consists  in 
mixing  with  a  watery  solution  of  tbe  bile,  or  of  the  biliary  sub- 
stances, a  little  cane  sugar,  and  then  adding  sulphuric  acid  to  the 
mixture  until  a  red,  lake,  or  purple  color  is  produced.  A  solution 
may  be  made  of  cane  sugar,  in  the  proportion  of  one  part  of  sugar  to 
faur  parts  of  water,  and  kept  for  use.  One  drop  of  this  solution  is 
niixed  wnth  the  suspected  0uid,  and  the  sulphuric  acid  then  imme- 
diately xuided.  On  first  dropping  in  the  sulphuric  acid,  a  whitish 
precipitate  falls,  which  is  abundant  in  the  case  of  ox-bile,  less  so  in 
tlm  of  the  dog.  This  precipitate  redissolves  in  a  slight  excess  of 
sulphuric  acid,  which  should  then  continue  to  be  added  until  the 
mixture  assumes  a  somewhat  syrupy  consistency  and  an  opalescent 
look,  owing  to  the  development  of  minute  bubbles  of  air,  A  red 
color  then  begins  to  show  itself  at  the  bottom  of  the  test-tube,  and 
afterward  spreads  through  tbe  mixture,  until  the  whole  fluid  is  of 
a  clear,  bright,  cherry  red.  This  color  gradually  changes  to  a  lake, 
and  finally  to  a  deep,  rich,  opaque  purple.  If  three  or  four  vol- 
umca  of  water  be  then  added  to  the  mixture,  a  copious  precipitate 
falls  down,  and  the  color  is  destroyed. 
Various  circumstances  modify,  to  some  extent,  the  rapidity  and 
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distiDctness  witli  which  the  above  changes  are  produced.  If  the 
biliary  substances  be  present  in  large  quantity,  and  nearly  pur^ 
the  red  color  shows  itself  at  once  after  adding  an  equal  volume  of 
sulphuric  acid»  and  almost  immediately  passes  into  a  strong  purple. 
If  they  be  scanty,  on  the  other  hand,  the  red  color  may  not  show 
itself  for  seven  or  eight  minutes,  nor  the  purple  under  twenty 
or  twenty-five  minutes.  If  foreign  matters,  again,  not  of  a  biliary 
nature,  be  also  present,  they  are  apt  to  be  acted  un  by  the  sulphuric 
acid,  and,  by  becoming  discolored,  interfere  with  the  clearness  and 
brilliancy  of  the  tinges  produced.  On  this  account  it  is  indispen* 
sable*  in  delicate  examinations,  to  evaporate  the  suspected  fluid  to 
dryness,  extract  the  dry  residue  with  absolute  alcohol,  precipitate 
the  alcoholic  solution  with  ether,  and  diaaolve  the  ether-precijntate 
in  water  before  applying  the  test.  In  this  manner,  all  foreign  sub- 
stances w^hich  might  do  barm  will  be  eliminated,  and  the  test  wiU 
succeed  \idthout  difficulty. 

It  must  not  be  forgotten,  furthermore,  that  the  sugar  itself  is  j 
liable  to  be  acted  on  and  discolored  by  sulphuric  acid  when  added 
in  excess,  and  may  therefore  by  itself  give  rise  to  confusion.  A  little 
care  and  practice,  however,  will  enable  the  experimenter  to  avoid 
all  chance  of  deception  from  this  source.  When  sulphuric  acid  i;i 
mixed  with  a  watery  solution  containing  cane  sugar,  after  it  hna 
been  added  in  considerable  excess,  a  yellowish  color  begins  to  show  | 
itself,  owing  to  the  commencing  decomposition  of  the  sugar.  This 
color  gradually  deepens  until  it  has  become  a  dark,  dingy,  muddy 
brown ;  but  there  is  never  at  any  time  any  clear  red  or  purple 
color,  unless  biliary  matters  be  present.  If  the  bile  be  present  in 
but  small  quantity,  the  colors  produced  by  it  may  be  modified  and 
obscured  by  the  dingy  yellow  and  brown  of  the  sugar;  but  evcfi 
this  difficulty  may  be  avoided  by  paying  attention  to  the  following 
precautions.  In  the  first  place,  only  very  little  sugar  should  be 
added  to  the  suspected  fluid.  In  the  second  place,  the  sulphuric 
acid  should  be  added  very  gradually,  and  the  mixture  closely 
w^atched  to  detect  the  first  changes  of  color.  If  bile  be  present^  the 
red  color  peculiar  to  it  is  always  produced  before  the  yellowish 
tinge  which  indicates  the  decomposition  of  the  sugar.  When  ihe 
biliary  matters,  therefore,  are  present  in  small  quantity,  the  addi- 
tion  of  sulphuric  acid  should  be  stopped  at  that  point,  and  the 
colors,  though  faint,  will  then  remain  clear,  and  give  unmistakable 
evidence  of  the  presence  of  bile. 

The  red  color  alone  is  not  sufficient  as  an  indication  of  bile* 
is  in  fact  only  the  commencement  of  the  change  which  indicates  i 
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biliary  matters.    If  these  matters  be  present,  the  color  passes,  as 
have  already  mentioned,  first  into  a  lake,  then  into  a  purple; 
it  is  this  lake  and  purple  color  alone  which  can  be  regarded  as 
Ily  characteristic  of  the  biliary  reaction. 

tt  13  important  to  observe  that  Pettenkofer^s  reaction  is  produced 
the  presence  of  either  or  both  of  the  biliary  substances  proper ; 
is  not  at  all  dependent  on  the  coloring  matter  of  the  bile.  For 
Khe  two  biliary  substances,  crystalline  and  resinous,  be  extracted 
the  process  above  described,  and,  after  being  dissolved  in  water, 
>lori»ed  with  animal  charcoal,  the  watery  solution  will  still  give 
fettenkofer's  reaction  perfectly,  though  no  coloring  matter  be  pre- 
lU  and  though  no  green  tinge  can  be  produced  by  the  addition 
nitric  acid  or  tincture  of  iodine.  If  the  tw^o  biliary  substances 
1  then  separated  from  each  other,  and  tested  in  distinct  solutionsy 
bU  solution  will  give  the  same  reaction  promptly  and  completely, 
^Tarious  objections  have  been  urged  against  this  test.  It  has 
,  stated  to  be  uncertain  and  variable  in  its  action.  Robin  and 
Terdeil'  say  that  its  reactions  "  do  not  belong  exclusively  to  the 
Hie,  and  may  therefore  give  rise  to  mistakes.'*  Some  fatty  sub- 
Hmces  and  volatile  oils  (oleine,  oleic  acid,  oil  of  turpentine,  oil  of 
Hraway)  have  been  stated  to  produce  similar  red  and  violet  colors, 
^en  treated  with  sugar  and  sulphuric  acid.  These  objections, 
^owever,  hare  not  much,  if  any,  practical  w^eight.  The  teat  no 
^ubt  requires  some  care  and  practice  in  its  application,  as  we  have 
eady  pointed  out ;  but  this  is  the  case  also,  to  a  greater  or  less 
^nt,  with  nearly  all  chemical  tests,  and  particularly  with  those 
substances  of  organic  origin.  No  other  substance  is,  in  point 
fact,  liable  to  be  met  with  in  the  intestinal  fluids  or  the  blood, 
aich  would  simulate  the  reactions  of  the  biliary  matters.  We 
ve  found  that  the  fatty  matters  of  the  chyle,  taken  from  the  tho- 
510  duet,  do  not  give  any  coloration  which  would  be  mistaken  for 
of  the  bile.  When  the  volatile  oils  (caraway  and  turpentine) 
acted  on  by  sulphuric  acid,  a  red  color  is  produced  which  after- 
krd  becomes  brown  and  blackish,  and  a  peculiar,  tarry,  empyreii- 
\  odor  is  developed  at  the  same  time ;  but  we  do  not  get  the 
purple  colors  spoken  of  above.  Finally,  if  the  precaution 
I  observed — first  of  extracting  the  suspected  matters  with  absolute 
>hol,  then  precipitating  with  ether  and  dissolving  the  precipitate 
er,  no  ambiguity  could  result  from  the  presence  of  any  of  the 
>  substances. 

»  Op.  oit.,  Tol.  ii.  p.  468. 
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Pettenkofer'a  test,  then,  if  used  with  care,  is  extremely  ^i^efaI, 
and  may  lead  to  many  valuable  results.     Indeed,  no  other  test  than 
this  can  be  at  all  relied  on  to  determine  the  presence  or  absence  of  • 
the  biliary  substances  proper, 

Variatioxs  and  Functions  of  Bile. — With  regard  to  the 
entire  quantity  of  bih  secreted  daily,  we  have  had  no  very  positive 
knowledge,  until  the  experiments  of  Bidder  and  Schmidt,  published 
in  1852.*  These  experiments  were  performed  on  cat^  dogs,  sheep, 
and  rabbits,  in  the  following  manner.  The  abdomen  was  opened, 
and  a  ligature  placed  upon  the  ductus  communis  oholedochus,  so 
as  to  prevent  the  bile  finding  its  way  into  the  intestine.  An  opea- 
ing  was  then  made  in  the  fundus  of  the  gall-bladder,  by  whici 
the  bile  was  discharged  externally.  The  bile,  so  discharged,  waa 
received  into  previously  weighed  vessels,  and  its  quantity  accurately 
determined.  Each  observation  usually  occupied  about  two  hours, 
during  which  period  the  temporary  fluctuations  occasionally  obser?* 
able  in  the  quantity  of  bile  discharged  were  mutually  corrected,  so 
far  as  the  entire  result  was  concerned.  The  animal  was  then  killed, 
weighed,  and  carefully  examined,  in  order  to  make  sure  that  the 
biliary  duct  had  been  securely  tied,  and  that  no  inflammatory  alter- 
ation had  taken  place  in  the  abdominal  organs.  The  observations 
were  made  at  very  different  periods  after  the  last  meal,  so  as  to 
determine  the  influence  exerted  by  the  digestive  process  upon  the 
rapidity  of  the  secretion.  The  average  quantity  of  bile  for  twenty- 
four  hours  was  then  calculated  from  a  comparison  of  the  above 
results ;  and  the  quantity  of  its  solid  ingredients  was  also  asoer- 1 
tained  in  each  instance  by  evaporating  a  portion  of  the  bile  in  the 
water  bath,  and  weighing  the  dry  residue. 

Bidder  and  Schmidt  found  in  this  way  that  the  daily  quantitj 
of  bile  varied  considerably  in  different  species  of  animals.  It  was 
very  much  greater  in  the  herbivorous  animals  used  for  experiment 
than  in  the  carnivora.  The  results  obtained  by  these  observere  j 
are  as  follows : — 

For  every  pound  weight  of  the  entire  body  there  is  secreted 
during  twenty-four  hours 


Fbesu  Bilb. 


hi  ike  cAt 
••      dog 

*•      rabbit 


102 
14U 
17S 
958 


gminjit 


5.712  grmbifl* 

9.408    *• 
17.290    •• 


'  VerdaangBsaefie  nod  6toffwtfch««l*     Leipiig,  1S52. 
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Since,  in  the  human   subject,  the  digestive  processes  and  the 

lUtritive  actions  generally  resemble  those  of  the  carnivora,  rather 

lan  those  of  the  herbivora,  it  is  probable  that  the  daily  quantity 

of  bile  in  man  is  very  similar  to  that  in  the  carnivorous  animals. 

If  we  apply  to  the  human  subject  the  average  results  obtained  by 

Bidder  and  Schmidt  from  the  cat  and  dog,  we  find  that,  in  an  adult 

man,  weighing  140  pounds,  the  daily  quantity  of  the  bile  will  be 

rtainly  not  less  than  16,940  grains,  or  very  nearly  2J  pounds 

ivoirdupois. 

It  is  a  matter  of  great  importance,  in  regard  to  the  bile,  as  well 
as  the  other  intestinal  fluids,  to  ascertain  whether  it  be  a  constant 
secretion,  like  the  nrine  and  perspiration,  or  whether  it  be  inlermit- 
fenl,  like  the  gastric  juice,  and  discharged  only  during  the  digestive 
process.    In  order  to  determine  this  point,  we  have  performed  the 
following  series  of  experiments  on  dogs.     The  animals  were  kepc 
nfined,  and  killed  at  various  periods  after  feeding,  sometimes  by 
le  inoculation  of  woorara,  sometimes  by  hydrocyanic   acid,  but 
.ost  frequently  by  section  of  the  medulla  oblongata.     The  cou- 
nts of  the  intestine  were  then  collected  and  examined.    In  all 
stances,  the  bile  was  also  taken  from  the  gall-bladder,  and  treated 
the  same  way,  for  purposes  of  comparison.    The  intestinal  con- 
tnU  always  presented  some  peculiarities  of  appearance  when  treated 
,th  alcohol  and  ether,  owing  probably  to  the  presence  of  other 
oes  than  the  bile;  but  they  always  gave  evidence  of  the 
presence  of  biliary  matters       • 
as  well.     The  biliary  sub-  Pig.  53, 

stances  could  almost  always 
be  recognized  by  the  mi- 

iroscope  in  the  ether  preci- 
itate  of  the  alcoholic  solu- 
ion ;  the  resinous  substancei 
nder  the  form  of  rounded, 
ily-looking  drops  (Fig.  63), 
and  the  other,  under   the 
:)rm  of  crystalline  groups, 
fenerally    presenting    the 
Appearance  of  double  bun- 
of  slender,  radiating, 
btly  curved    or    wavy, 
^ealle  -  shaped        crystals.      catiTAtLiwi  am^  Rtttyovt  bimait  sru- 
^e  substances,  dissolved    ttttMi$, 
water,  gave    a   purple 
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color  with  sugar  and  sulpliiiric  acid.  These  experiments  were 
tried  after  the  animals  had  been  kept  for  one,  two,  three,  five,  six, 
seven,  eight,  and  twelve  days  without  food.  The  result  showed  that 
in  all  these  instances,  bile  was  present  in  the  small  intestine.  It  ia, 
therefore,  plainly  not  an  intermittent  secretion,  nor  one  which  is 
concerned  exclusively  in  the  digestive  process;  but  its  secretion  is 
constant^  and  it  continues  to  be  discharged  into  the  intestine  for 
many  days  after  the  animal  has  been  deprived  of  food. 


The  next  point  of  importance  to  be  examined  relates  to  the  iime 
after  feeding  at  which  the  bile  passes  into  the  intestine  in  the  greats 
abufidance.  Bidder  and  Schmidt  have  already  investigated  this 
point  in  the  following  manner.  They  operated,  as  above  described. 
by  tying  the  common  bile-duct,  and  then  opening  the  fundus  of  the 
gall-bladder,  so  as  to  produce  a  biliary  fistula,  by  which  the  whole 
of  the  bile  was  drawn  oft'.  By  doing  this  operation,  and  collecting 
and  weighing  the  fluid  discharged  at  different  periods,  they  came 

to  the  conclusion  that  the  flow 


Fig,  54. 
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of  bile  begins  to  increase  within 
two  and  a  half  hours  after  the 
introduction  of  food  into  the 
stomach,  but  that  it  does  not 
reach  its  maximum  of  activity 
till  the  end  of  twelve  or  fifteen 
llours.  Other  observers,  how- 
ever, have  obtained  different 
results.  Arnold,^  for  example, 
found  the  quantity  to  be  largest 
soon  after  meals,  decreasing 
again  after  the  fourth  hour. 
Kiilliker  and  MuUer,'  again, 
found  it  largest  between  the 
sixth  and  eighth  hours.  Bidder 
and  Schmidt's  experiments^  in- 
deed, strictly  speaking,  show 
only  the  time  at  which  the  bile 
is  moat  actively  secreted  by  the 
liver,  but  not  when  it  is  actually 
discharged  into  the  intestine. 
Our  own   experiments,  bear- 

<  Ibid.,  ApHI,  1S&7. 
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g  on  this  point,  were  performed  on  dogs,  by  making  a  permanent 
'duodenal  fistula,  on  the  same  plan  that  gastric  fistula?  have  so  often 
been  established  for  the  exumination  of  the  gastric  juice.  (Fig.  54.) 
An  iDcisioa  was  made  through  the  abdominal  walls,  a  short  distance 
the  right  of  the  median  line,  the  floating  portion  of  the  diiodenum 
wn  up  toward  the  external  wound,  opened  bj  a  longitudinal  in- 
ion,  and  a  silver  tube,  armed  at  each  end  with  a  narrow  projecting 
collar  or  flange,  inserted  into  it  by  one  extremity,  five  and  a  half 
inches  below  the  pylorus,  and  two  and  a  half  inches  below  the 
orifice  of  the  lower  pancreatic  duct.  The  other  extremity  of  the 
tube  was  left  projecting  from  the  external  opening  in  the  abdominal 
parietes,  the  parts  secured  by  sutures,  and  the  wound  allowed  to 
heaL  After  cicatrization  was  complete,  and  the  animal  had  entirely 
recovered  his  healthy  condition  and  appetite,  the  intestinal  fluids 
were  drawn  off  at  various  intervals  after  feeding,  and  their  contents 
examined.  This  operation,  which  is  rather  more  difficult  than  that 
of  making  a  permanent  gastric  fistula,  is  nevertheless  exceedingly 
useful  when  it  succeeds,  since  it  enables  us  to  study,  not  only  the 
e  and  rate  of  the  biliary  discharge,  but  also,  as  mentioned  in  a 
►rerious  chapter  (Chap.  VI.),  many  other  extremely  interesting 
matters  connected  with  intestinal  digestion. 

In  order  to  ascertain  the  ab^lute  quantity  of  bile  discharged 
into  the  intestine,  and  its  variations  during  digestion,  the  duodenal 
fluids  were  drawn  off,  for  fifteen  minutes  at  a  time,  at  various 
periods  after  feeding,  collected,  weighed,  and  examined  separately, 
as  follows :  each  separate  quantity  was  evaporated  to  dryness,  its 
dry  residue  extracted  with  absolute  alcohol,  the  alcoholic  solution 
precipitated  with  ether,  and  the  ether-precipitate,  regarded  as  repre- 
senting the  amount  of  biliary  matters  present,  dried,  weighed,  and 
then  treated  with  Pettenkofer^s  test,  in  order  to  determine,  as  nearly 
as-  possible,  their  degree  of  purity  or  admixture.  The  result  of 
these  experiments  is  given  in  the  following  table.  At  the  eigh- 
teenth hour  go  small  a  quantity  of  fluid  was  obtained  that  the 
amount  of  its  biliary  ingredients  was  not  ascertained.  It  reacted 
perfectly,  however,  with  Pettenkofer^s  test,  showing  that  bile  was 
really  present. 
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From  tbis  it  appears  that  the  bile  passes  into  the  intestine  in  by 
far  the  largest  quantity  immediately  after  feeding,  and  within  the 
first  hour.  After  that  time  its  discharge  remains  pretty  constant ; 
not  varying  much  from  four  grains  of  solid  biliary  matters  every 
fifteen  minuteSi  or  sixteen  grains  j^er  hour.  The  animal  used  for 
the  above  observations  weighed  thirty-six  and  a  half  pounds. 

The  next  point  to  be  ascertained  with  regard  to  this  question  is 
the  following,  viz :  What  becomes  of  the  hlk  in  its  passage  through 
the  intestine  f  Our  experiments,  performed  with  a  view  of  settling 
this  point,  were  tried  on  dogs.  The  animals  were  fed  with  fresh 
meat,  and  then  killed  at  various  intervals  after  the  meals,  the  abdo- 
men  opened,  ligatures  pvlaced  upon  the  intestine  at  variou.s  points^ 
and  the  contents  of  its  upper,  middle,  and  lower  portions  collected 
and  examined  separately.  The  results  thus  obtained  show  that* 
under  ordinary  circumstances,  the  bile,  which  is  quite  abundant  in 
the  duodenum  and  upper  part  of  the  small  intestine,  diminishes  in 
quantity  from  above  downward,  and  is  not  to  be  found  in  the  large 
intestine.  The  entire  quantity  of  the  intestinal  contents  also  dimi- 
nishas,  and  their  consistency  increases,  as  we  approach  the  ileo- 
csecal  valve ;  and  at  the  same  time  their  color  changes  from  a  light 
yellow  to  a  dark  bronze  or  blackish-green,  which  is  always  strongly 
pronounced  in  the  last  quarter  of  the  small  intestine. 

The  contents  of  the  small  and  large  intestine  were  furthermore 
evaporated  to  dryness,  extracted  with  absolute  alcohol,  and  the 
alcoholic  solutions  precipitated  with  ether ;  the  quantity  of  ether- 
precipitate  being  icgarded  as  representing  approximately  that  of 
the  biliary  substances  proper.  The  result  showed  that  the  quantity 
of  this  ether-precipitate  is,  both  positively  and  relatively,  very  much 
less  in  the  large  intestine  than  in  the  small.  Its  proportion  to  the 
entire  solid  contents  is  only  one-fifth  or  one-sixth  as  great  in  the 
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irge  intestine  as  it  is  in  the  small  But  even  this  inconsiderable 
juantity,  found  in  contents  of  the  large  intestine,  does  not  con- 
^aiiSt  of  biliary  matters ;  for  the  watery  solirtions  being  treated  with 
^■agar  and  sulphuric  acid,  those  from  both  the  upper  and  lower 
^Hortions  of  the  small  intestine  always  gave  Pettenkofer'a  reaction 
^■promptly  and  perfectly  in  less  than  a  minute  and  a  half;  while  in 
^Biat  from  the  large  intestine  no  red  or  purple  color  was  produced, 
'     even  at  the  end  of  three  hours. 

The  small  intestine  consequently  contains,  at  all  times,  substances 
^ving  all  the  reactions  of  the  biliary  ingredients;   while  in  the 
contents  oT  the  large  intestine  no  such  substances  can  be  recognized 
by  Pettenkofer's  test. 

The  biliary  matters,  therefore,  disappear  in  their  passage  through 
tie  intestine. 

In  endeavoring  to  ascertain  what  is  the  precise  function  of  the  bile 

the  trUesUnef  our  first  object  must  be  to  determine  what  part,  if 

r,  it  takes  in  the  digestive  process.     As  the  liver  is  situated,  like 

le  salivary  glands  and  the  pancreas,  in  the  immediate  vicinity  of 

be  alimentary  canal,  and  like  them,  discbarges  its  secretion  into 

he  cavity  of  the  intestine^  it  seems  at  first  natural  to  regard  the 

[pile  as  one  of  the  digestive  fluids.     We  have  previously  shown, 

^owever,  that  the  digestion  of  all  the  difterent  elements  of  the  food 

provided  for  by  other  secretions ;  and  furthermore,  if  we  examine 

rimentally  the  digestive  power  of  bile  on  alimentary  substances, 

re  obtain  only  a  negative  result.    Bile  exerts  no  special  action  ui>on 

ilher  albuminoid,  starchy,  or  oleaginous  matters,  when  mixed  with 

bera  in  teat-tubes  and  kept  at  the  temperature  of  100°  F.     It  has 

berefore,  apparently,  no  direct  influence  in  the  digestion  of  these 

ibstauces. 

It  is  a  very  remarkable  fact,  in  this  connection,  that  the  bile  pre- 

Ujntalcs  by  contact  with  the  gastric  Juice,     If  four  drops  of  dog^s  bile 

added  to  5j  of  gastric  juice  from  the  same  animal,  a  copious 

ellowish-white  precipittite  falls  down,  which  contains  the  whole  of 

be  coloring  matter  of  the  bile  which  has  been  added ;  and  if  the 

lixtnre  be  then  filtered,  the  filtered   fluid  passes  through  quite 

Diorless.     The  gastric  juice,  however,  still  retains  its  acid  reactiun. 

precipitation  depends  upon  the  presence  of  the  biliary  sub* 

\  proper,  viz.,  the  glyko-cholate  and  tauro-cholate  of  soda,  and 

bot  upon  that  of  the  incidental  ingredients  of  the  bile.     For  if  the 

pile  be  evaporated  tu  dryness  and  the  biliary  substances  extracted 
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by  alcohol  and  precipitated  by  ether,  as  above  described, 
watery  solution  will   precipitate  with  gastric  juice,  in  the  aaae 
manner  as  fresh  bile  would  do. 

Although  the  biliary  matters,  however,  precipitate  by  oontact 
with  fresh  gastric  juice,  they  do  noidosfj  with  gastric  Juice  which  holUi 
atbuminose  in  solutio7i.  We  have  invariably  found  that  if  the  ga»-! 
trie  juice  be  digested  for  several  hours  at  the  temperature  of  100^ 
F.,  with  boiled  white  of  egg,  the  filtered  fluid,  which  contains  an 
abundance  of  albuminose,  will  no  longer  give  the  slightest  precipi-  j 
tate  on  the  addition  of  bile*  or  of  a  watery  solution  of  .the  biliary  j 
substances,  even  in  very  large  amount.  The  gastric  juice  and  thai 
bile,  therefore,  are  not  finally  antagonistic  to  each  other  in  tbej 
digestive  process,  though  at  first  they  produce  a  precipitate  ouj 
being  mingled  together. 

It  appears,  however,  from  the  experiments  detailed  above,  that! 
the  secretion  of  the  bile  and  its  discharge  into  the  intestine  are  nolj 
confined  to  the  periods  of  digestion,  but  take  place  constantly,  and! 
continue  even  after  the  animal  has  been  kept  for  many  days  with- 
out food.     These  fact^  would  lead  us  to  regard  the  bile  as  simply  I 
an  excrementltious  fluid ;  containing  only  ingredients  resulting  from 
the  waste  and  disintegration  of  the  animal  tissues,  and  not  intended 
to   perform   any  particular  function,  digestive  or  otherwise,  but 
merely  to  be  eliminated  from  the  blood,  and  discharged  from  the 
system.     The  same  view  is  more  or  less  supported,  also,  by  the  ' 
following  facts,  viz: — 

1st.  The  bile  is  produced,  unlike  all  the  other  animal  secretions. 
from  venous  blood ;  that  is,  the  blood  of  the  portal  vein,  which  has 
already  become  contaminated  by  circulation  through  the  abdominal 
organs,  and  may  be  supposed  to  contain  disorganized  and  effete  in* 
gredients;  and 

2d.  Its  complete  suppression   produces,  in  the  human  subject^ 
symptoms  of  poisoning  of  the  nervous  system,  analogous  to  thosd 
which  follow  the  suppression  of  the  urine^  or  the  stoppage  of  respi* 
ration,  and  the  patient  dies,  usually  in  a  comatose  condition,  at  the  j 
end  of  ten  or  twelve  days. 

The   ahove   circumstances,  taken  together,  would   combine  to 
make  it  appear  that  the  hile  is  simply  an  excreraentitious  fluid,  not 
necessary  or  useful  as  a  secretion,  but  only  destined,  like  the  urines] 
to  be  eliminated  and  discharged.     Nevertheless,  experiment  haa  • 
shown  that  such  is  not  the  case ;  and  that,  in  point  of  fact,  it  i«  i 
necessary  for  the  life  of  the  animal,  not  only  that  the  bile  be  secretedj 
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lud  dischargedi  but  furtbermore  that  it  be  discharged  into  the 
itestine,  and  pass  through  the  tract  of  the  alimentary  canal.  The 
lost  Siitisfactory  experi mentis  of  this  kind  are  those  of  Bidder  and 
chmidt,'  in  which  they  tied  the  common  biliary  duct  in  dogs,  and 
tien  established  a  permanent  fistula  in  the  fundus  of  the  gall-bladder, 
trough  which  the  bile  was  allowed  to  flow  by  a  free  external  orificCt 
jtn  this  manner  the  bile  was  effettually  excluded  from  the  intestine^ 
)ut  at  the  same  time  was  freely  and  wholly  discharged  from  the 
body,  1)3^  the  artificial  fistula.  If  the  bile  therefore  were  simply  an 
ixcrementitious  fluid,  its  deleterious  ingredients  being  all  eliminated 
usual,  the  animals  would  not  siifler  any  serious  injury  from  this 
ation.  If,  on  the  contrary,  they  were  found  to  sufier  or  die  in 
Consequence  of  it,  it  would  show  that  the  bile  has  really  some 
iportant  function  to  perform  in  the  intestinal  canal,  and  is  not 
limply  excrementitious  in  its  nature. 

The  result  showed  that  the  effects  of  such  an  experiment  were 
atal  to  the  animal.    Four  dogs  only  survived  the  immediate  efiects 
^f  the  operation,  and  were  afterward  frequently  used  for  purposes 
jf  experiment.    One  of  them  was  an  animal  from  which  the  spleen 
lad  been  previously  removed,  and  W'hose  appetite,  as  nsual  after 
lis  operation,  was  morbidly  ravenous;   his  system,  accordingly, 
being  placed  under  such  unnatural  conditions  as  t^j  make  him  an 
^nfit  subject  for  further  experiment.     In  the  second  animal  that 
irvived,  the  communication  of  the  biliary  duct  with  the  intestine 
le  re-established  at\er  eighteen  days,  and  the  experiment  con* 
ently  had  no  result.     In  the  remaining  two  animals,  however, 
thing  was  successful     The  fistula  in  the  gall-bladder  became 
^rmanently  established ;  and  the  biie-duct»  as  was  proved  subse- 
luently  by  post-mortem  examination,  remained  completely  closed, 
that  no  bileTound  its  way  into  the  intestine.    Both  these  ani- 
(lals  died ;  one  of  them  at  the  end  of  twenty-seven  days,  the  other 
the  end  of  thirty-six  days.     In  both,  the  symptoms  were  nearly 
be  same,  viz.,  constant  and  progressive  emaciation,  which  proceeded 
sueli  a  degree  that  nearly  every  trace  of  fat  disappeared  from  the 
body.     The  loss  of  flesh  amounted,  in  one  case,  to  more  than  two- 
fifths,  and  in  the  other  to  nearly  one-half  the  entire  weight  of  the 
imal.     There  was  also  a  falling  oft*  of  the  hair,  and  an  unusually 
lisagreeable,  putrescent  odor  in  the  feces  and  in  the  breath.     Not- 
withstanding this,  the  appetite  remained  good.     Digestion  was  not 
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essentially  interfered  vriih,  and  none  of  the  food  was  discharged 
with  the  feces;  but  there  was  much  rumbling  and  gurgling  in  thej 
intestines,  and  abundant  discharge  of  flatus,  more  strongly  marked ' 
in  one  instance  than  in  the  other.     There  was  no  pain;  and  death 
took  place,  at  last,  without  any  violent  symptoms,  but  by  a  uimple  j 
and  gradual  failure  of  the  vital  powers. 

A  similar  experiment  has  been  successfully  performed  by  Prof. 
A.  Flint,  Jr.*     In  this  instance  the  animal  lived  for  thirtjr-eight  I 
days  after  the  operation,  and  died  finally  of  inanition ;  the  symp- 
toms agreeing  in  every  important  particular,  with  those  reported, 
by  Bidder  and  Schmidt. 

How  is  it,  then,  that  although  the  bile  be  not  an  active  agent  in 
digestion,  its  presence  in  the  alimentary  canal  is  still  essential  to 
life?  What  office  does  it  perform  there,  and  how  is  it  finally  dis- 
posed of  7 

We  have  already  shown  that  the  bile  disappears  in  its  j^v -uc 
through  the  intestine.  This  disappearance  may  be  explaiutjU  in 
two  different  ways.  First,  the  biliary  matters  may  be  actually  re- 
absorbed from  the  intestine,  and  taken  up  by  the  blo<jdvessels ;  or 
secondly,  they  may  be  so  altered  and  decomposed  by  the  intestinal 
fluids  as  to  lose  the  power  of  giving  Pettenkofer'a  reaction  with  I 
sugar  and  sulphuric  acid,  and  so  pa^  oflf  with  the  feces  in  an 
insoluble  form.  Bidder  and  Schmidt*  have  finally  determined  this 
point  in  a  satisfactory  manner;  and  have  demonstrated  that  the 
biliary  substances  are  actually  reabsorbed^  by  showing  that  the 
quantity  of  sulphur  present  in  the  feces  is  far  inferior  to  thai 
contained  in  the  biliary  ingredients  as  they  are  discharged  into  the 
intestine. 

These  observers  collected  and  analyzed  all  the  feces  passed,  dur- 
ing five  days,  by  a  healthy  dog,  weighing  17.7  pounds.  The  entire 
fecal  mass  during  this  period  weighed  1508.15  grains, 

f  WAt«»r 874.20  grainf. 

t  Solid  residue     *         ,         .         ,         ,         633.95 


CCfUtalmog 


1508.15 


'  Ain«rieAii  Joum,  Med.  Sci.,  October,  1802. 
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The  solid  residue  was  composed  as  follows  :■ — 


Keutrjil  fat,  solubb  in  elb«r    . 

Fnt,  with  traces  of  bUinry  mutter     . 

Alcohol  eittra<ot  with  biliarjr  matter 

Sabi^tanees  not  of  a  biliary  nature 
extracted  bj  muriatic  avid  and 
Lot  alcobol  .... 


43.710  graina. 

77.0^5        " 

58.000  eoDUining  1.085  gra.  of  solpbar. 


148.600  containing  1.302  gn.  of  anlpbar. 
2.387 


Fatty  acids  with  oxide  of  iron         .     9S  425 
Residue  coni^istiag  of  baifi  sand,  kc*^  2<>7.QB0 

633.9&0 

Now,  as  it  lias  already  been  Showa  that  the  dog  secretes,  during 

24  hoars,  0.916  grains  of  solid  biliary  matter  for  every  pound  weight 

of  the  whole  body,  the  entire  quantity  of  biliary  matter  secreted 

Id  five  days  by  the  above  animal,  weighing  17.7  pounds,  must  have 

been  612,5  grains^  or  nearly  as  much  as  the  whole  weight  of  the 

dried  feces.     But  furthermore,  the  natural  proportion  of  sulphur 

in  dog's  bile  (derived  from  the  uncrystallizable  biliary  matter)^  iy  six 

per  cent,  of  the  dry  residue.     The  612.5  grains  of  dry  bile,  secreted 

during  five  days,  contained,  therefore,  36.75   grains  of  sulphur. 

^Sut  the  entire  quantity  of  sulphur,  existing  in  any  form  in  the 

^fcce-s,  was  5.952  grains;  and  of  this  only  2.387  grains  were  derived 

^Kom  substances  which   could  have  been  the  products  of  biliary 

^Tnatters — the  remainder  being  derived  from  the  hairs  which  are 

always  contained  in  abundance  in  the  feces  of  the  dog.     That  is, 

»t  more  than  one-fifteenth  part  of  the  sulphur,  originally  present 

the  bile,  could  be  detected  iu  the  feces.     As  this  is  a  simple 

bemical  element,  not  decomposable  by  any  known  means,  it  must, 

cordingly,  have  been  reabsorbed  from  the  intestine. 

We  have  endeavored  to  complete  the  evidence  thus  fiirnished  by 

bidder  and  Schmidt,  and  to  demonstrate  directly  the  reabsorption 

the  biliary  matters,  by  searching  for  them  in  the  ingredients  of 

the  portal  blood.     We  have  examined,  for  this  purpose,  the  portal 

blood  of  dogs,  killed  at  various  periods  after  feeding.     The  animals 

jirere  killed  by  section  of  the  medulla  oblongata,  a  ligature  imme- 

itely  placed  on  the  portal  vein,  while  the  circulation  was  still 

ctive,  and  the  requisite  quantity  of  blood  collected  by  opening 

The  blood  was  sometimes  immediately  evaporated  to 

\hy  the  water  bath.    Sometimes  it  was  coagulated  by  boil- 

"ingTn  a  porcelain  oapsule,  over  a  spirit  lamp,  with  water  and  an 

s  of  sulphate  of  soda,  and  the  filtered  watery  solution  af 

examined.    But  most  frequently  the  blood,  aft«r  being  i 
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lected  from  tlio  vein,  was  coagulated  bj  the  gradual  addiiiou  of 
three  times  its  volume  of  alcohol  at  ninety-five  per  cent,,  stirrtDgl 
the  mixture  constantly,  so  as  to  make  the  coagulation  gradual  andj 
UDiform.    It  was  then  filtered,  the  moist  mass  remaining  on  the  filler  j 
subjected  to  strong  pressure  in  a  linen  bag,  by  a  porcelain  press, 
and  the  fluid  thus  obtained  added  to  that  previously  filtered.    The 
entire  spirituous  solution  was  then  evaporated  to  dryness,  the  dry 
residue  extracted  with  absolute  alcohol,  and  the  alcoholic  solution 
treated  as  usual,  with  etlier.  &c.,  to  discover  the  presence  of  bilLary 
matters.    In  every  instance  blood  was  taken  at  the  same  time  from 
the  jugular  vein,  or  the  abdominal  vena  cava,  and  treated  in  the 
same  way  for  purposes  of  comparison. 

\Y9  have  examined  the  blood,  in  this  way,  one,  four,  six,  nine, 
eleven  and  a  half,  twelve,  and  twenty  hours  after  feeding.  As  the 
result  of  these  examinations,  we  have  found  that  in  the  venous 
blood,  both  of  the  portal  vein  and  of  the  general  circulation,  there 
exists  a  substance  soluble  in  water  and  absolute  alcohoL  and  pre- 
cipitable  by  ether  from  its  alcoholic  solution.  This  substance  is 
often  considerably  more  abundant  in  the  portal  blood  than  in  that 
taken  from  the  generul  venous  system.  It  adheres  closely  to  the 
Bides  of  the  glass  after  precipitation,  so  that  it  is  always  dii&cult» 
and  often  impossible,  to  obtain  enough  of  it,  mixed  with  ether,  for 
microscopic  examination.  It  dissolves,  also,  like  the  biliary  suh- 
stances,  with  great  readiness  in  water;  but  in  no  instance  have  we 
ever  been  able  to  obtain  from  it  such  a  satisfactory  reaction  with 
Pettenkofer's  test»  as  would  indicate  the  presence  of  bile.  This  is 
not  because  the  reaction  is  masked,  as  might  be  suspected,  by  some 
of  the  other  ingredients  of  the  blood ;  for  if  at  the  same  time,  two 
drops  of  bile  be  added  to  half  an  ounce  of  blood  taken  from  the 
abdominal  vena  cava,  and  the  two  specimens  treated  alike,  the  ether- 
precipitate  may  be  considered  more  abundant  in  the  case  of  the 
portal  blood ;  and  yet  that  from  the  blood  of  the  vena  cava,  dis* 
solved  in  water,  will  give  Pettenkofer's  reaction  for  bile  perfectly, 
while  that  of  the  portal  blood  will  give  no  such  reaction. 

Notwithstanding,  then,  the  irresistible  evidence  afforded  by  the 
experiments  of  Bidder  and  Schmidt,  that  the  biliary  matters  aw 
really  taken  up  by  the  portal  blood,  we  have  failed  to  recognijse . 
them  there  by  Pettenkofer's  test.  They  must  accordingly  undergo 
certain  alterations  in  the  intestine,  previously  ^o  their  absorptioo, 
so  that  they  no  longer  give  the  ordinary  reaction  of  the  biliary  sub- 
stances.   We  cannot  say,  at  present,  precisely  what  these  alterations 
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are ;  but  they  are  evidently  transformations  of  a  catalytic  nature, 
produced  by  the  contact  of  the  bile  with  the  intestinal  juices. 

The  bile,  therefore,  is  a  secretion  which  has  not  yet  accomplished 
its  function  when  it  is  discharged  from  the  liver  and  poured  into  the 
intestine.  On  the  contrary,  during  its  passage  through  the  intestine 
it  is  still  in  the  interior  of  the  body,  in  contact  with  glandular  sur- 
faces, and  mingled  with  various  organic  substances,  the  ingredients 
of  the  intestinal  fluids,  which  act  upon  it  as  catalytic  bodies,  and 
produce  in  it  new  transformations.  This  may  account  for  the  fact 
stated  above,  that  the  bile,  though  a  constant  and  uninterrupted 
secretion,  is  nevertheless  poured  into  the  intestine  in  the  greatest 
abundance  immediately  afler  a  hearty  meal.  This  is  not  because  it 
is  to  take  any  direct  part  in  the  digestion  of  the  food ;  but  because 
the  intestinal  fluids,  being  themselves  present  at  that  time  in  the 
greatest  abundance,  can  then  act  upon  and  decompose  the  greatest 
quantity  of  bile.  At  all  events,  the  biliary  ingredients,  afler  being 
altered  and  transformed  in  the  intestine,  as  they  might  be  in  the 
interior  of  a  glandular  organ,  re-enter  the  blood  under  some  new 
form,  and  are  carried  away  by  the  circulation,  to  complete  their 
function  in  some  other  part  of  the  body. 


184 


FOBMATION   OF   SUGAR   IN    THE    LITER, 


CHAPTER    IX, 

FORMATION   OF  SUGAR  IN  THE  LIVER. 

Beside  the  secretion  of  bile,  the  liver  performs  also  another 
exceedingly  important  function,  viz.,  the  jitodurtion  of  sugar  by  a 
metamorphosis  of  some  of  its  organic  ingredients. 

Under  ordinary  circumstances  a  considerable  quantity  of  sac- 
charine matter  is  introduced  with  the  food^  or  produced  from 
standby  substances,  by  the  digestive  process,  in  the  intestinal  canal. 
In  man  and  the  herbivorous  animals,  accordingly,  an  abundant 
supply  of  sugar  is  derived  from  these  sources;  and,  as  we  haw 
already  shown,  the  sugar  thus  introduced  is  necessary  for  the  proper 
support  of  the  vital  fmictions.  For  though  the  saccharine  matter 
absorbed  from  tlie  intestine  is  destroyed!  by  decomposition  soon 
after  entering  the  circulation,  yet  the  chemical  changes  by  wbicli 
its  decomposition  is  effected  are  themselves  necessary  for  the  proper 
constitution  of  the  blood,  and  the  healthy  nutrition  of  the  tissue& 
Experiment  shows,  however,  that  the  system  does  not  depend,  for 
its  supply  of  sugar,  entirely  upon  external  sources :  but  that  sac^ 
charine  matter  is  also  produced  independently,  in  the  tissue  of  the 
liver,  whatever  may  be  the  nature  of  the  food  upon  which  the 
anitnal  subsists. 

Til  is  important  function  was  first  discovered  by  M.  Claude  Ber- 
nard* in  1848,  and  described  by  him  under  the  name  of  the  y/yco- 
ijaik  function  nf  the  liver* 

It  has  long  been  known  that  sugar  may  be  abundantly  secrete<i 
under  some  circumstances,  when  no  vegetable  matters  have  been 
taken  with  the  food.  The  milk,  for  example,  of  all  animals,  car- 
nivorous as  well  as  herbivorous,  contains  a  notable  proportion  of 
sugar ;  and  tVie  quantity  thus  secreted,  during  lactation,  is  in  some 
instances  very  great.  In  the  human  eubjexit,  also,  when  suffering 
from  diabetes,  the  amount  of  saccharine  matter  discharged  with  the 
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rine  has  often  appeared  to  be  altxjgether  out  of  proportion  to  tlmt 

which  could  be  accounted  for  by  the  vegetable  substances  taken  as 

The  experiments  of  Bernard,  the  most  important  of  which 

re  have  repeatedly  confirmed,  in  common  with  other  investigators, 

tiow  that  in  these  instances  most  of  the  sugar   has  an  internal 

igin,  and  that  it  first  makes  its  appearance  in  the  tissue  of  the 

Iver. 

If  a  carnivorous  animal,  as,  for  example,  a  dog  or  a  cat,  be  fed 
for  several  days  exclusively  upon  meat,  and  then  killed,  the  liver 

ilone  of  all  the  internal  organs  is  found  to  contain  sugar  among  its 
ther  ingredients.     For  this  purpose,  a  portion  of  the  organ  should 
e  cut  into  small  pieces,  reduced  to  a  pulp  by  grinding  in  a  mortar 
rith  a  little  water,  and  the  mixture  coagulated  by  boiling  with  an 
xoess  of  sulphate  of  soda,  in  order  to  precipitate  the  albuminous 
and  coloring  matters.    The  filtered  0uid  will  then  reduce  the  oxide 
Hpf  copper,  with  great  readiness,  on  the  application  of  Trommer's 
^■^»    A  decoction  of  the  game  tissue,  mixed  with  a  little  yeast,  will 
^^Pl  give  rise  to  fermentation,  producing  alcohol  and  carbonic  acid, 
as  is  usual  with  saccharine  solutions.     On  the  contrary,  the  tissues 
&f  the  spleen,  the  kidneys,  the  lungs,  the  muscles^  &c.,  treated  in 
be  same  way,  give  no  indication  of  sugar,  and  do  not  reduce  tlie 
Its  of  copper.     Every  other  organ  in  the  body  may  be  entirely 
stitiite  of  sugar,  hut  the  liver  always  contains  it  in  coDsiflerable 
juantity,  provided  the  animal  be  healthy.     Even  the  blood  of  the 
portal  vein,  examined  by  a  similar  process,  contains  no  saccharine 
element,  and  yet  the  tissue  of  the  organ  supplied  by  it  shows  an 
abundance  of  saccharine  ingredients* 

It  is  remarkable  for  how  long  a  time  the  liver  will  continue  to 
ichibit  the  presence  of  sugar,  after  all  external  supplies  of  this 
nbstanca  have  been  cut  off.    Bernard  kept  two  dogs  under  bis  own 
(ibservation,  one  for  a  period  of  three,  the  other  of  eight  montlis,* 
liuring  which  period  they  were  confined  strictly  to  a  diet  of  animal 
(boiled  calves'  he^ids  and  tripe),  and  then  killed.     Upon  exa- 
li nation,  the  liver  was  found,  in  each  instance,  to  contain  a  propor- 
tion of  sugar  fully  equal  to  that  present  in  the  organ  under  ordinary 
circumstances. 

The  sugar,  therefore,  which  is  found  in  the  liver  after  death,  is  a 

normal  ingredient  of  the  hepatic  tissue.     It  is  not  formed  in  other 

of  the  body,  nor  absorbed  from  the  intestinal  canal,  but  takes 


•  Nouvell**  FonctJon  drt  FnJ**,  p.  BD. 


186 


FORMATION    OF    SCGAR    IN^    THB    LIVBB. 


its  origin  in  the  liver  itself;  it  is  produced,  as  a  uew  foraiatioD,  hj 
a  secreting  process  in  the  tissue  of  the  organ* 

The  presence  of  sugar  in  the  liver  is  common  to  all  species  of 
animals,  so  far  as  is  yet  known.  Bernard  found  it  invariably  in 
monkeys,  dogs,  cats,  rabbits,  the  horse,  the  ox,  the  goat,  the  sheep, 
in  birds,  in  reptiles,  and  in  most  kinds  of  fish.  It  was  only  in  two 
species  of  fish,  viz.,  the  eel  and  the  ray  (Muraaba  anguilla  and  liaia 
hatis),  that  he  sometimes  failed  to  discover  it ;  but  the  failure  in 
these  instances  was  apparently  owing  to  the  commencing  putres- 
cence of  the  tissue,  by  whicli  the  sugar  had  probably  been  dei^troyed. 
In  the  fresh  liver  of  the  human  subject,  examined  after  death  from 
accidental  violence,  sugar  was  found  to  be  present  in  the  proportion 
of  1,10  to  2.14  per  cent,  of  the  entire  weight  of  the  organ. 

The  following  list  shows  the  average  percentage  of  sugar  present 
iu  the  healthy  liver  of  man  and  different  species  of  animals,  accard- 
ing  to  the  examinations  of  Bernard : — 

PkRCBI^TAOB  of  SuOAB  in  THB  LlTRR. 

In  ffinn    ,  .  «         .     1.H8  Iti  ox 

**  monki*/  .         .         .2.15  *'  hor$« 

"  dog     .  ,         .         ,     l.ti9  '*  goat   , 

"  c*t      .  .         .         .     1,94  «  birds 

"  ralibit  ...     1.94  "  reptiles 

"  Bbei?p  .         .         .     2.013  **  tinh    . 

With  regard  to  the  nature  and  properties  of  tho  liver  sug:ar,  it 
resembles  very  closely  glucose,  or  the  sugar  of  starch,  the  sugar  of 
honey,  and  the  sugar  of  milk,  though  it  is  not  absolutely  identical 
with  either  one  of  them.  Its  solution  reduces,  as  we  have  seen,  the 
salts  of  copper  in  Trommer's  test,  and  becomes  colored  brown  when 
boiled  with  caustic  potassa.  It  ferments  very  readily,  also,  when 
mixed  with  yeast  and  kept  at  the  temperature  of  70"^  to  100°  F. 
It  is  distinguished  from  all  the  other  sugars,  according  to  Bernard,^ 
by  the  readiness  with  which  it  becomes  decomposed  in  the  blood — 
since  cane  sugar  and  beet  root  sugar,  if  injected  into  the  circulation 
of  a  living  animal,  pass  through  the  system  without  sensible  decom- 
position, and  are  discharged  unchanged  with  the  urine;  sugar  of 
milk  and  glucose,  if  injected  in  moderate  quantity,  are  decomposed 
in  the  blood,  but  if  introduced  in  greater  abundance  make  their 
appearance  also  in  the  urine;  while  a  solution  of  liver  sugar,  though 
injected  in  much  larger  quantity  than  either  of  the  others,  may  dis- 

*  Lemons  d«  Pliysiologie  Kxpcrimentale.     PjiHa,  185&»  p. 
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^pear  altogether  in  the  circulatioa,  without  passing  ofl'  bj  the 
tidneys. 

This  substance  is  therefore  a  sugar  of  auimal  origin,  similar  in 
its  properties  to  other  varieties  of  saccharine  matter,  derived  from 
ilSerent  sources. 

The  sugar  of  the  liver  is  not  produced  in  the  blood  by  a  direct 

lecomposition  of  the  elementij  of  the  circulating  fluid  in  the  vesseld 

E>f  the  organ,  but  takes  its  origin  in  the  solid  eubstance  of  the  hepatic 

\issuef  ^  a  natural  ingredient  of  its  organic  texture.     The  blood 

rhich  may  be  pressed  out  from  a  liver  recently  extracted  from  the 

Jy,  it  ia  true^  contidns  sugar ;  but  this  sugar  it  htis  absorbed  from 

iie  tissue  of  the  organ  in  which  it  circulates.     This  is  demonstrated 

>y  the  singular  fact  that  the  fresh  liver  of  a  recently  killed  animal, 

[tough  it  may  be  entirely  drained  of  blood  and  of  the  sugar  which 

It  contained  at  the  moment  of  death,  \vill  still  continue  for  a  certain 

'time  to  produce  a  saccharine  substance.     If  such  a  liver  be  injected 

with  water  by  the  portal  vein,  and  all  the  blood  contained  in  its 

ressels  washed  out  by  the  stream,  the  water  which  escapes  by  the 

bepatic  vein  will  still  be  found  to  contain  sugar.     M.  Bernard  has 

found*  that  if  all  the  sugar  contained  in  a  frefc*h  liver  be  extracted  in 

lis  manner  by  a  prolonged  w^atery  injection,  so  that  neither  the 

Iwater  which  escapes  by  the  hepatic  vein,  nor  the  substance  of  the 

Jiver  itself,  contain  any  further  traces  of  sugar,  and  if  the  organ  be 

lea  laid  aside  for  twenty-four  hours,  both  the  tissue  of  the  liver  and 

lie  fluid  which  exudes  from  it  will  be  found  at  the  end  of  that  time 

have  again  become  highly  saccharine.     The  sugar,  therefore,  is 

evidently  not  produced  in  the  blood  circulating  through  the  liver» 

but  in  the  substance  of  the  organ  itself.     Once  having  originated 

^Kin  the  hepatic  tissue,  it  is  absorbed  thence  by  the  blood,  and  trans- 

^morted  by  the  circulation,  as  we  shall  hereailer  show,  to  other  parts 

^Bf  the  body, 

^1    The  i^ugar  which  thus  originates  in  the  tissue  of  the  liver,  is  pro- 

^Buoed  by  a  mutual  decomposition  and  transformation  of  various 

Bother  ingredients  of  the  hepatic  substance ;  these  chemical  changes 

being  a  part  of  the  nutritive  process  by  which  the  tissue  of  the 

Krgan  is  con,stantly  sustained  and  nourished.  There  is  probably  a 
QTies  of  several  diflforent  transformations  wliich  take  place  in  this 
manlier,  the  details  of  which  are  not  yet  known  to  ur.  It  has  been 
liscovered,  however,  that  one  change  at  least  precedes  the  final 
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by  alcohol  and  precipitated  by  ether,  as  above  described,  thaj 
watery  solution  will  precipitate  with  gastric  juice,  in  the  8am< 
manner  as  fresh  bile  would  do. 

Although  the  biliary  matters,  however,  precipitate  by  coni 
with  fresh  gastric  juice,  th^y  dty  not  ih  so  lottk  gastric  Juice  which  hth 
alhtmiinose  in  sohUion,  We  have  invariably  found  that  if  the 
trie  juice  be  digested  for  several  hours  at  the  temperature  of  100" 
F.,  with  boiled  white  of  egg»  the  filtered  fluid,  which  contains 
abundance  of  albuminose,  will  no  longer  give  the  slightest  procipi' 
tate  on  the  addition  of  bile,  or  of  a  watery  solution  of  .the  biliar 
substances,  even  in  very  large  amount.  The  gastric  juice  and  (hi 
bile,  therefore,  are  not  finally  antagonistic  to  each  other  in  tli 
digestive  process,  though  at  first  they  produce  a  precipitate 
being  mingled  together. 

It  appears,  however,  from  the  experiments  detailed  abov6| 
the  secretion  of  the  bile  and  its  discharge  into  the  intestine  ai 
confined  to  the  periods  of  digestion,  but  take  place  constantly,. 
continue  even  after  the  animal  has  been  kept  for  many  days 
out  food.    These  facts  would  lead  us  to  regard  the  bile  as  si 
an  excrementitioits  Jiuid ;  containing  only  ingredients  resulting 
the  waste  and  disintegration  of  the  animal  tissues,  and  not  intew 
to   perform   any  particular  function,  digestive  or   otherwise^ 
merely  to  be  elimi Dated  from  the  blood,  and  discharged  from, 
system*     The  same  view  is  more  or  less  supported,  also,  bj 
following  facts,  viz : — 

1st.  The  bile  is  produced,  unlike  all  the  other  animal  se^^r-^^^ 
from  venous  blood;  that  is,  the  blood  of  the  portal  vein,  w^ 
already  become  contaminated  by  circulation  through  the  ab 
organs,  and  may  be  supposed  to  contain  disorganized  and  eiict 
gredients;  and 

2d.  Its  complete  suppression    produces,  in  the  human  subj< 
symptoms  of  poisoning  of  the  nervous  system,  analogous  t      ' 
whit:!i  follow  the  suppression  of  the  urine,  or  the  stoppage  <■ 
ration,  and  the  patient  dies,  usually  in  a  comatose  concUtioo,  at  Ik 
end  of  ten  or  twelve  days. 

The   above   circumstances,  taken  together,  would   com^in*»^ 
make  it  appear  that  the  bile  is  simply  an  excremeutitious  i  \ 
necessary  or  useful  as  a  secretion,  but  only  destined,  like  the  «rui 
to  be  eliminated  and  discharged.    Nevertheless,  experiment  li 
&hown  that  such  is  not  the  case ;  and  that,  in  point  of  fact^  it 
necessary  for  the  life  of  the  animal,  not  only  that  the  bile  bo  secret 
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blood.     If  a  solution  of  glycogenic  matter  be  mixed  with  fresli 
human  ealivap  and  kept  for  a  few  minutes  at  the  temperature  of 
lOO"^  F.,  the  mixture  will  then  be  found  to  have  acquired  the  power 
of  reducing  the  salts  of  copper  and  of  entering  into  fermentation  by 
>ntact  with   yeast.     The   glycogenic   matter   has  therefore  been 
inverted  into  sugar  by  a  process  of  catalysis^  in  the  same  manner 
vegetable  sti^irch  would  be  transformed  under  similar  conditions. 
The  glycogenic  matter  which  is  thus  destined  to  be  converted 
ito  sugar,  is  formed  in  the  liver  by  the  processes  of  nutrition.     It 
aay  be  extracted,  as  we  have  seen  above»  from  the  hepatic  tissue 
yi  carnivorous  animals,  and  is  equally  present  when  they  have  been 
'exclusively  confined  for  many  days  to  a  meat  diet.     It  is  not  in- 
troduced with  the  food ;  for  the  fleshy  meat  of  the  herbivora  does 
not  contain  it  in  appreciable   quantity,  though  these   animals  so 
:>nstant]y  take  starchy  substances  with  their  food.     In  them,  the 
|chy  matters  are  transformed  into  sugar  by  digestion,  and  the 
ir  so  produced  is  rapidly  destroyed  alter  entering  the  circula- 
tion; so  that  usually  neither  saccharine  nor  starchy  substances  are 
^^p  be  discovered  in  the  muscular  tissue.    M,  Poggiale'  found  that  in 
^very  many  experiments,  performed  by  a  commi:ision  of  th«  French 
^B&cademy  for  the  purpose  of  examining  this  subject,  glycogenic 
^Knatter  was  detected  in  ordinary  butcher's  meat  only  once.     We 
^Qkave  also  found  it  to  be  absent  from  the  fresh  meat  of  the  bullock's 
heart,  when  examined  in  the  manner  described  above.    Neverthe- 
less, in  dogs  fed  exclusively  upon  this  food  for  eight  days,  glycogenic 
matter  may  be  found  in  abundance  in  the  liver,  while  it  does  not 
exist  in  other  parts  of  the  body,  as  tlic  spleen,  kidney,  lungs,  kc. 

t  Furthermore,  in  a  dog  fed  exclusively  for  eiglit  days  upon  the 
esh  meat  of  the  bullock's  heart,  and  then  killed  four  hours  after 
meal  of  the  same  food,  at  which  time  intestinal  absorption  is 
going  on  in  full  vigor,  the  liver  contains,  as  above  mentioned,  both 
glycogenic  matter  and  sugar;  but  neither  sugar  nor  glycogenic  mat- 
^^ter  can  be  found  in  the  blood  of  the  portal  vein,  when  sabjected  to 
^Bl  similar  examination. 

The  glycogenic  matter,  accordingly,  docs  not  originate  from  any 
external  source,  but  Ls  formed  in  the  tissue  of  the  liver;  where  it 
IB  soon  afterward  transformed  into  sugar,  while  still  forming  a  part 
of  the  substance  of  the  organ. 

The  formation  of  sugar  in  the  liver  is  therefore  a  function  com- 


*  Journal  de  riiy^iologte,  Pafia,  1S&8,  p.  5&S* 


190 


FOBMATION    OF    SUGAR   IN   THB    LIVER, 


posed  of  two  distinct  and  saccessive  processes,  viz :  firsts  the  forma- 
tion, in  the  hepatic  tissue^  of  a  glycogenic  matter,  having  some 
resemblance  to  dextrine;  and  secondly,  the  conversion  of  this 
glycogenic  matter  into  sugar,  by  a  process  of  catalysis  and  trans- 
formation. 

The  sugar  thus  produced  in  the  substance  of  the  liver  is  absorbed 
from  it  by  the  blood  circulating  in  its  vessels.     The  mechanism  of 
»^ia  absorption  is  probably  the  same  with  that  which  goes  on  m 
other  parts  of  the  circulation.     It  is  a  process  of  transudation  and  , 
endosmosis.  by  which  the  blood  in  the  vessels  takes  up  the  saccha- 
rine fluids  of  the   liver,  during   its   passage  through  the  origan.  I 
While  the  bhx>d  of  the  portal  vein,  therefore,  in  an  animal  ted 
exclusively  upon  meat,  contains  no  sugar,  the  blood  of  the  heimtic  | 
vein,  as  it  passes  upward  to  the  heart,  is  always  rich  in  saccharine  i 
ingredients.     Tbit^  difference  can  be  easily  demonstrated  by  exa- 
mining comparati%'ely  the  two  kinds  of  blood,  portal  and  hepatic, 
from  the  recently  killed  animah     The  blood  in  its  passage  through 
the  liver  is  found  to  have  acquired  a  new  ingredient,  and  shows, 
upon  examination,  all  the  properties  of  a  saccharine  liquid. 

The  sugar  prod  need  in  the  liver  is  accordingly  to  be  regarded  fts 
a  true  secretion,  formed  by  the  glandular  tissue  of  the  organ»  by  a  i 
similar  process  to  that  of  other  glandular  secretions.     It  differs 
from  the  latter,  not  in  the  manner  of  its  production,  but  only  io 
the  mode  of  its  discharge.     For  while  the  biliary  matters  produced] 
in  the  liver  are  absorbed  by  the  hepatic  ducts  and  conducted  down- 
ward to  the  gall-bladder  and  the  intestine,  the  sugar  is  absorlied  by 
the  bloodvessels  of  the  organ  and  carried  upward,  by  the  hepatic  I 
veins,  toward  the  heart  and  the  general  circulation. 

The  production  of  sugar  in  the  liver  during  health  is  a  constant  J 
process,  continuing,  in  many  cases,  for  several  days  after  the  aoimal  j 
has  been  altogether  deprived  of  food.  Its  activity,  however,  likal 
that  of  most  other  secretions,  is  subject  to  periodical  augmentation  \ 
and  diminution.  Under  ordinary  circumstances,  the  sugar,  which  ' 
is  absorbed  by  the  blood  from  the  tissue  of  the  liver,  disappears 
very  soon  after  entering  the  circulation.  As  the  bile  is  transformetl  j 
in  the  intestine,  so  the  sugar  is  decomposed  in  the  blood.  We  ansj 
not  yet  acquainted,  however,  with  the  precise  nature  of  the  changeaj 
which  it  undergoes  after  entering  the  vascular  system.  Il  is  very] 
probable,  according  to  the  views  of  Lehmann  and  Robin,  that  it  is* 
at  first  converted  into  lactic  acid  (C^IIqOj),  which  decomposes  ia 
turn  the  alkaline  carbonates,  setting  free  carbonic  acid,  and  forming] 
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actates  of  soda  and  potassa.    But  whatever  he  the  exact  mode  of 

traosforraation,  it  is  certain  that  the  sugar  disappears  rapidly ; 

ad  while  it  exists  in  considerable  quantity  in  the  liver  and  ia  the 

>lood  of  the  hepatic  veins  and  the  right  side  of  the  hearty  it  is  not 

isually  to  be  found  in  the  pulmonary  veins  nor  in  the  blood  of  the 

"^general  circulation. 

About  two  and  a  half  or  three  hoars,  however,  after  the  ingestion 
of  food,  according  to  the  investigations  of  Bernard,  the  circulation 
>f  blood  through  the  portal  system  and  the  liver  becomes  consider- 
ably accelerated.  A  larger  quantity  of  sugar  ia  then  produced  in 
the  liver  and  carried  away  from  the  organ  by  the  hepatic  veins ; 
that  a  portion  of  it  then  escapes  decomposition  while  j)assing 
rough  the  lungs,  and  begins  to  appear  in  the  blood  of  the  arterial 
^lystem.  Soon  afterward  it  appears  also  in  the  blood  of  the  capil- 
laries; and  from  four  to  six  hours  after  the  commencement  of 
digestion  it  is  produced  in  the  liver  so  much  more  r^ipidly  than  it 
is  destroyed  in  the  blood,  that  the  surplus  quantity  circulates 
throughout  the  body,  and  the  blood  everywhere  has  a  slightly  sac- 
charine character-  It  does  not,  however,  in  the  healthy  condition, 
ce  its  appearance  in  any  of  the  secretions. 

Br  the  sixth  hour,  this  unusual  activity  of  the  sugar-producing 
action  begins  again  to  diminish;  and,  the  transformation  of  the 
Bugar  in  the  circulation  going  on  as  before,  it  gradually  disappears 
|as  an  ingredient  of  the  bhxKl.  Finally,  the  ordinary  equilibrium 
etween  its  production  and  its  decomposition  is  re-established,  and 
it  can  no  longer  be  found  except  in  the  liver  and  in  that  part  of 
|the  circulatory  system  which  is  between  the  liver  and  the  lungs. 
bere  is,  therefore,  a  periodical  increase  in  the  amount  of  unde- 
[iposed  sugar  in  the  blood,  as  we  have  already  shown  to  be  the 
with  the  fatty  matter  absorbed  during  digestion ;  but  this 
ris  soon  followed  by  a  corresponding  diminution,  and  during 
Se  greater  portion  of  the  time  its  decomposition  keeps  pace  with 
its  production,  and  it  is  consequently  prevented  from  appearing  in 
le  blood  of  the  general  circulation. 

There  are  produced,  accopclingly,  in  the  liver,  two  different  secre- 
ions,  viz.,  bile  and  sugar.     Both  of  them  originate  by  transforma- 
ion  of  the  ingredients  of  the  hepatic  tissue,  from  which  they  are 
>rbed  by  two  dilTerent  f^ets  of  vessels.    The  bile  is  taken  up  by 
FT>iliary  ducts,  and  by  them  discharged  into  the  intestine:  wdiile 
xe  sugar  is  carried  oft'  by  the  hepatic  \"eins,  to  be  decomposed  in  the 
circulation,  and  become  subservient  to  the»nutrition  of  the  blood. 
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The  spleen  is  an  exceedingly  vascular  organ,  situated  in  the 
vicinity  of  the  great  pouch  of  the  stomach  ami  supplied  abund- 
antly  by  branches  of  the  cceliac  axis.  Its  veins,  like  those  of  the 
digestive  abdominal  organs,  form  a  part  of  the  great  portal  system, 
and  conduct  the  blood  which  htis  passed  througli  it  to  the  liver, 
before  it  mingles  again  ^vith  the  general  current  of  the  circulation. 

The  spleen  is  covered  on  its  exterior  by  an  investing  membrane 
or  capsule,  which  forms  a  protective  sac,  containing  the  soft  pulp 
of  which  the  greater  part  of  the  organ  is  composed.  This  capsule, 
in  the  spleen  of  the  ox,  is  thick,  whitiir^h,  and  opaque,  and  is  cooj- 
posed  to  a  great  extent  of  yellow  elastic  tissue.  It  accordingly 
possesses,  in  a  high  degree,  the  pliysical  property  of  elasticity,  and 
may  be  widely  stretched  without  laceration ;  returning  readily  to 
its  original  size  as  soon  as  the  extending  force  is  relaxed. 

In  the  carnivorous  animals,  on  the  otlier  hand,  the  capsule  of 
the  spleen  is  thinner,  and  more  colorless  and  transparent.  It  con- 
tains here  but  very  little  elastic  tissue,  being  composed  mostly  of 
smooth,  involuntary  muscular  fibres,  connected  in  layers  by  a  little 
intervening  areolar  tissue.  In  the  herbivorous  animals,  accordingly, 
the  capsule  of  the  spleen  is  simply  elastic,  while  in  the  carnivora  it 
is  contractile* 

lo  both  instances,  however,  the  elastic  and  contractile  proju  rne-^i 
of  the  capsule  subserve  a  nearly  similar  purpose.  There  is  every 
reason  to  believe  that  the  spleen  is  Subject  to  occasional  and  per* 
haps  regular  variations  in  sLze^  owing  to  the  varying  condition  of 
the  abdominal  circulation.  Dr.  William  Dobson'  found  that  tho 
size  of  the  organ  increased,  from  the  third  hour  after  feeding  np  to 
the  fifth ;  when  it  arrived  at  its  maximum,  gradually  decreasing 
after  that  period.     When  these  periodical  congestions  take  places 

'  In  Gray,  on  th«  Siruotnre  and  Uses  of  thv  Spleen.     London,  t&54,  p.  40. 
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be  organ  becoming  turgid  with  blood,  the  capsule  is  distended ; 

tind  limits,  by  its  rejjisting   power,  the  degree  of  tumefaction  to 

iRrhich  the  spleen  is  liable.     When  the  disturbing  cause  has  again 

piisjsed  away,  and  the  circulation  is  about  to  return  to  its  oixlinary 

condition,  the  elasticity  of  the  capsule  in  the  herbivora,  and  its  eon- 

traciility  in  the  carnivora,  compress  the  Bofl  vascular  tissue  within, 

and  reduce  the  organ  to  its  original  dimensions.     This  contractile 

■ition  of  the  invested  capsule  can  be  readily  seen  in  the  dog  or 

Bie   cat,  by  opening  the   abdomen  while  digestion   is  going  on, 

Hrposiug  the  spleen  and  removing  it,  after  ligature  of  its  vessels* 

Bit  ben.  first  exposed,  the  organ  is  plump  and  rounded,  and  presents 

exteraally  a  smooth  and  shining  surface*    But  as  soon  as  it  has 

been  removed  from  the  abdomen  and  its  vessels  divided,  it  begins 

to  contract  sensibly,  becomes  reduced  in  size,  still,  and  resisting  to 

the  touch ;  while  its  surface,  at  the  same  time,  becomes  unilbrmly 

rinkled,  by  the  contraction  of  its  muscular  fibres. 
In  its  interior,  the  substance  of  the  spleen  is  traversed  everywhere 
by  slender  and  ribbon-like  cords  of  fibrous  tissue,  which  radiate 
from  the  sheath  of  its  principal  arterial  trunks,  and  are  finally 
attached  to  the  internal  surface  of  its  inventing  capsule.  These 
fibrous  cords,  or  imbeculm,  as  they  are  called,  by  their  frequent 
branching  and  mutual  interlacement,  form  a  kind  of  skeleton  or 
framework  by  which  the  soft  splenic  pulp  is  embraced,  and  the 
shape  and  integrity  of  the  organ  maintained.     They  are  composed 

If  similar  elements  to  those  of  the  investing  capsule,  viz.|  elastic 

Bmie  and  involuntary  muscular  fibres,  united  with  each  other  by 

V^^^j^g  quantity  of  the  fibres  of  areolar  tissue. 

The  interstices  between  the  trabeculss  of  the  spleen  are  occupied 
by  the  splenic  pulp;   a  soft,  reddish   substance,  which  contains, 

'l^de  a  few  nerves  and  lymphatics,  capillary  bloodvessels  in  great 

tifusion,  and  certain  whitish  globular  bodies,  which  may  be  re- 
ded as  tlie  distinguishing  anatomical  elements  of  the  organ,  and 
ich  are  termed  the  Malplghlan  bodies  of  the  spleen. 
The   Malpighian   bodies  are  very  abundant,  and  are  scattered 
throughout  the  splenic  pulp,  being  most  frequently  attached  to  the 
les,  or  at  the  point  of  bifurcation  of  some  small  artery.     They 
readily  visible  to  the  naked  eye  in  the  spleen  of  the  ox,  upon  a 
sh  section  of  the  organ,  as  minute,  whitish,  rounded  bodies,  which 
iy  be  separated,  by  careful  manipulation,  from  the  gurroand^^^ 
rta     In  the  carnivorous  animals,  on  the  other  hand,  and 
•in  subject,  it  is  more  difficult  to  distinguish  them  b 
13 
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aided  eye,  though  they  always  exist  in  the  spleen  in  a  healthy 
condition.  Their  average  diameter,  according  to  KuUiker,  is  V^  of 
an  inch.  They  consist  of  a  closed  sac,  or  capsule,  containing  in 
its  interior  a  viscid,  semi^solid  mass  of  cells,  cell-nuclei,  and  homo* 
geneoua  substance.  Each  Malpighian  body  is  covered,  on  its  exte- 
rior, by  a  network  of  fine  capillary  bloodvessels;  and  it  is  now 
perfectly  well  settled,  by  the  observations  of  various  anatomists 
(KuUiker,  Busk,  Huxley,  &c.),  that  bloodvessels  also  penetrate  into 
the  substance  of  the  Malpighian  body,  and  there  form  an  internal 
capillary  plexus. 

The  spleen  is  accordingly  a  glandular  organ,  analogous^  in  its 
minute  structure  to  the  solitary  and  agminated  glands  of  the  small 
intestine,  and  to  the  lymphatic  glands  throughout  the  body*  Like 
them,  it  is  a  gland  without  an  excretory  duct ;  and  resembles,  also, 
in  this  respect,  the  thyroid  and  thymus  glands  and  the  supra-renal 
capsules.  All  these  organs  have  a  structure  which  is  evidently 
glandular  in  its  nature,  and  yet  the  name  of  glands  has  been  some- 
times refused  to  them  because  they  have,  as  above  mentioned,  no 
duct,  and  produce  apparently  no  distinct  secretion.  We  have 
already  seen,  however,  that  a  secretion  may  be  produced  in  the 
interior  of  a  glandular  organ,  like  the  sugar  in  the  substance  of  the 
liver,  and  yet  not  be  discharged  by  its  excretory  duct.  The  veins 
of  the  gland,  in  this  instance,  perform  the  part  of  excretory  duct«. 
They  absorb  the  new  materials,  and  convey  them,  through  the 
medium  of  the  blood,  to  other  parts  of  the  body,  where  they  suflfer 
subsequent  alterations,  and  are  finally  decomposed  in  the  cimula* 
tion. 

The  action  of  such  organs  is  consequently  to  modify  the  consti- 
tution of  the  blood*  As  the  blood  passes  through  their  tissue,  it 
absorbs  from  the  glandular  substance  certain  materials  which  it  did 
not  previously  contain,  and  which  are  necessary  to  the  perfect  con- 
stitution of  the  circulating  lluid.  The  blood,  as  it  passes  out  from 
the  organ,  has  therefore  a  diflerent  composition  from  that  which  it 
possessed  before  its  entrance;  and  on 'this  account  the  name  of  r^iM- 
cular  glands  has  been  applied  to  all  the  glandular  organs  above 
mentioned,  which  are  destitute  of  excretory  ducts,  and  is  eminently 
applicable  to  the  spleen. 

The  precise  alteration,  however,  which  is  effected  in  the  blood 
during  its  passage  through  the  splenic  tissue,  has  not  yet  been 
discovered.  Various  h^^potheses  have  been  advanced  from  time  to 
time,  as  to  the  processes  which  go  on  in  this  organ ;  many  of  them 
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ague  and  indefinite  in  character,  and  some  of  them  directly  con* 
radictory  of  each  other*  None,  however,  have  yet  been  offered 
rhich  are  entirely  juitisfactory  in  themselves,  or  which  rest  on  suf- 
Iciently  reliable  evidence. 

very  remarkable  fact  with  regard  to  the  spleen  is  that  it  may 
^entirely  removed  in  many  of  the  lower  animals,  without  its  lusss 
producing  any  serious  permanent  injury.     This   experiment  has 
en  frequently  performed  by  various  oV»servers,  and  we  have  our- 
repeated  it  several  times  with  similar  results.     The  organ 
be  ei^sily  removed,  in  the  dog  or  the  cat,  by  drawing  it  out  of 
le  abdomen,  through  an  opening  in  the  median  line^  placing  a  few 
igatares  upon  the  vessels  of  the  gastro-splenic  omentum,  and  then 
dividing  the  vessels  between  the  ligatures  and  the  spleen.     The 
^ound  usually  heals  without  difficulty ;  and  if  the  animal  be  killed 
)me  weeks  afterward*  the  only  remaining  trace  of  the  operation 
adhesion  of  the  omentum  to  the  inner  Burface  of  the  abdomi- 
l^parietes»  at  the  situation  of  the  original  wound. 
The  most  constant  and  permanent  efiect  of  a  removal  of  the 
"isplcen  is  an  unusual  increase  of  the  appetite.     This  symptom  we 
have  observed  in  some  instances  to  be  excessively  developed ;  so 

Ilhat  the  animal  would  at  all  times  throw  himself,  with  an  unnatural 
ftvidity.  upon  any  kind  of  food  offered  him.     We  have  seen  a  dog, 
pubjeetod  to  this  operation,  afterward  feed  without  hesitation  upon 
Ihe  flesh  of  other  dogs ;  and  even  devour  greedily  the  entrails,  taken 
warm  from  th«  abdomen  of  the  recently  kiUed  animal.     The  food 
taken  in  this  unusual  quantity  is,  however,  perfectly  well  digested ; 
and  the  animal  will  often  gain  very  perceptibly  in  weight.    In  one 
Qstance^  a  cat,  in  whom  the  unnatural  appetite  was  marked  though 
tiot  excessive,  increased  in  weight  from  five  to  six  pounds,  in  the 
>urse  of  a  little  less  than  two  months ;  and  at  the  same  time  the 
'  became  sleek  and  glossy,  and  there  was  a  considerable  improve- 
aent  in  the  general  appearance  of  the  animal. 
Another  symptom,  which  usually  follows  removal  of  the  spleen, 
I  an  unnatural  ferocity  of  disposition.     The  animal  will  frequently 
uttack  others,  of  its  own  or  a  different  species,  witJiout  any  appa- 
ent  cause,  and  without  any  regard  to  the  difference  of  size,  strength, 
This  symptom  is  sometimes  equally  excessive  with  that  of  an 
innatural  appetite;  while  in  other  instances  it  shows  itself  only  in 
iional  outbursts  of  irritability  and  violence. 
Neither   of  the  symptoms,  however,  which  we  have  just  de- 
cribed,  appears  to  exert  any  permanently  injurious  effect  upon  the 
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animal  which  has  been  subjected  to  the  operation ;  and  life  may  be 
prolonged  for  an  indefinite  period  without  any  serious  disturbance 
of  the  nutritive  process,  after  the  spleen  has  been  completely 
extirpated. 

We  must  accordingly  regard  the  spleen,  not  as  a  single  organ, 
but  as  associated  with  others,  which  may  completely,  or  to  a  great 
extent,  perform  its  functions  after  its  entire  removal.  We  have 
already  noticed  the  similarity  in  structure  between  the  spleen  and 
the  mesenteric  and  lymphatic  glands ;  a  similarity  which  has  led 
some  writers  to  regard  them  as  more  or  less  closely  associated  with 
each  other  in  function,  and  to  consider  the  spleen  as  an  unusually 
developed  lymphatic  or  mesenteric  gland.  It  is  true  that  this 
organ  is  provided  Avith  a  comparatively  scanty  supply  of  lymphatio 
vessels ;  and  the  chyle,  which  is  absorbed  from  the  intestine,  does 
not  pass  through  the  spleen,  as  it  passes  through  the  remaining 
mesenteric  glands.  Still,  the  physiological  action  of  the  spleen 
may  correspond  with  that  of  the  other  lymphatic  glands,  so  far  as 
regards  its  influence  on  the  blood ;  and  there  can  be  little  doubt 
that  its  function  is  shared,  either  by  them  or  by  some  other  glan- 
dular organs,  which  become  unnaturally  active,  and  more  or  less 
perfectly  supply  its  place  aft«r  its  complete  removal. 
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CHAPTER  XI. 

THE  BLOOD. 

The  blood,  as  it  exists  in  its  natural  condition,  while  circulating 
in  the  vessels,  is  a  thick  opaque  fluid,  varying  in  color  in  different 
parts  of  the  body  from  a  brilliant  scarlet  to  a  dark  purple.  It  has 
a  slightly  alkaline  reaction,  and  a  specific  gravity  of  1055.  It 
is  not,  however,  an  entirely  homogeneous  fluid,  but  is  found  on 
microscopic  examination  to  consist,  first,  of  a  nearly  colorless, 
transparent^  alkaline  fluid,  termed  the  plasma,  containing  water, 
fibrin,  albumen,  salts,  &c.,  in  a  state  of  mutual  solution;  and, 
secondly,  of  a  large  number  of  distinct  cells,  or  corpuscles,  the 
hhod-ghbules,  swimming  freely  in  the  liquid  plasma.  These  glo* 
bules^  which  are  so  small  as  not  to  be  distinguished  by  the  naked 
©y6>  by  being  mixed  thus  abundantly  with  the  fluid  plasma,  give 
to  the  entire  mass  of  the  blood  an  opaque  appearance  and  a  uniform 
red  color. 

Blood-OLOBULES. — On  microscopic  examination  it  is  found  that 
the  globules  of  the  blood  are  of  two  kinds,  viz.,  red  and  white ;  of 
these  the  red  are  by  far  the  most  abundant. 

The  red  globules  of  the  blood  present,  under  the  microscope,  a 
perfectly  circular  outline  and  a  smooth  exterior.  (Fig.  66.)  Their 
size  varies  somewhat,  in  human  blood,  even  in  the  same  specimen. 
The  greater  number  of  them  have  a  transverse  diameter  of  ^^^ro  ^f 
an  inch ;  but  there  are  many  smaller  ones  to  be  seen,  which  are 
not  more  than  ,3^1^  ^^  even  j^j^  of  an  inch  in  diameter.  Their 
form  is  that  of  a  spheroid,  very  much  flattened  on  its  opposite 
surfaces,  somewhat  like  a  round  biscuit,  or  a  thick  piece  of  money 
with  rounded  edges.  The  blood-globule  accordingly,  when  seen 
flatwise,  presents  a  comparatively  broad  surface  and  a  circular  out- 
line (a);  but  if  it  be  made  to  roll  over,  it  will  present  itself  edge- 
wise during  its  rotation  and  assume  the  flattened  form  indicated  at 
h.    The  thickness  of  the  globule,  seen  in  this  position,  is  about 
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posai  of  two  distinct  and  successive  processes,  viz :  first*  the  for 
lion,  in  the  hepatic  tissue,  of  a  glycogenic  matter  having  sotne 
resemblance  to  dextrine;  and  secondly,  the  conversion  of  this 
glycogenic  matter  into  sugar^  by  a  process  of  catalysis  and  trana- 
fonnution. 

The  sugar  thus  produced  in  the  substance  of  the  liver  is  absorl 
from  it  by  the  blood  circulating  in  its  vessels.  The  mechanism  of 
this  absorption  is  probably  the  same  with  that  which  goe^s  on  in 
other  parts  of  the  circulation.  It  is  a  process  of  transudation  and 
endosmr'sis,  by  which  the  bkK>d  in  the  vessels  takes  up  the  saccha- 
rine fluids  of  the  liver,  during  its  passage  through  the  organ. 
While  the  blood  of  the  portal  vein,  therefore,  in  an  animal  led 
exclusively  upon  meat,  contains  no  sugar,  the  blood  of  the  hepatic 
vein,  as  it  passes  upward  to  the  he-art,  is  always  rich  in  saccharioe 
ingredients.  This  difterence  can  be  easily  demonstrated  by  exa* 
mining  comparatively  the  two  kinds  of  blood,  portal  and  hepatic, 
from  the  recently  killetl  animah  The  blood  in  its  passage  through 
the  liver  is  found  to  have  acquired  a  new  ingredient,  and  showe^ 
upon  examinatioiip  all  the  properties  of  a  saccharine  liquid. 

The  sugar  produced  in  the  liver  is  accordingly  to  be  regarded  as 
a  true  secretion,  formed  by  the  glandular  tissue  of  the  organ,  by  a 
similar  process  to  that  of  other  glandular  secretions*  It  differs 
from  the  latter,  not  in  the  manner  of  its  protluction,  but  only  in 
the  mode  of  its  discharge.  For  while  the  biliary  matters  produced 
in  the  liver  are  absorbed  by  the  hepatic  ducts  and  conducted  down- 
ward to  the  gall-bladder  and  the  intestine,  the  sugar  is  absorbed  by 
the  bloodvessels  of  the  organ  and  carried  upward,  by  the  hepatic 
veins,  toward  the  heart  and  the  general  circulation* 

The  production  of  sugar  in  the  liver  during  health  is  a  coofltani 
process,  continuing,  in  many  cases,  for  several  days  after  the  anini«l 
has  been  altogether  deprived  of  food.  Its  activity*  however,  like  ' 
that  of  most  other  secretions,  is  subject  to  periodical  augmentation 
and  diminution.  Under  ordinary  circumstances,  the  sugar,  which 
is  absorbed  by  the  blood  from  the  tissue  of  the  liver^  disappears 
very  soon  after  entering  the  circulation.  As  the  bile  is  transformed 
in  the  intestine,  so  the  sugar  is  decorapos«jd  in  the  blood.  Wt*  are 
not  yet  acquainted,  however»  with  the  precise  nature  of  the  changtes 
which  it  undergoes  after  entering  the  vascular  system.  It  is  very  i 
probable,  iiccording  to  the  views  of  Lchtnanu  and  Robin,  that  it  is 
at  first  converted  into  lactic  acid  (C^HoOg),  which  decomposed  iji 
turn  the  alkaline  carbonates,  setting  free  carbonic  acid,  and  forming 
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I  of  soda  and  potassa.  But  whatever  be  the  exact  mode  of 
Its  transformatioD,  it  is  certain  that  the  sugar  disappears  rapidly ; 
iind  while  it  exists  in  considerable  quantity  in  the  liver  and  in  the 
jlood  of  the  hepatic  veins  and  the  right  side  of  the  heart,  it  is  not 
asually  to  be  found  in  the  pulmonary  veins  nor  in  the  blood  of  the 
gral  circulation. 

Lbout  two  and  a  half  or  three  hours,  however,  after  the  ingestion 
of  food,  according  to  the  investigations  of  Bernard,  the  circulation 
of  blood  through  the  portid  system  and  the  liver  becomes  consider- 
^ably  accelerated.  A  larger  quantity  of  sugar  is  then  produced  in 
Ihe  liver  and  carried  away  from  the  organ  by  the  hepatic  veins ; 
go  that  a  portion  of  it  then  escapes  decomposition  while  passjing 
^through  the  lungs,  and  begins  to  appear  in  the  blood  of  the  arterial 
By  stem*  Soon  afterward  it  appears  also  in  the  blood  of  the  capil- 
EBd  from  four  to  six  liours  after  the  commencement  of 
tion  it  is  produced  in  the  liver  so  much  more  rapidly  than  it 
destroyed  in  the  blood,  that  the  surplus  qnantity  circulates 
[throughout  the  body,  and  the  blood  everywhere  has  a  slightly  sac- 
pcharine  character.  It  does  not,  however,  in  the  healthy  condition, 
lake  its  appearance  in  any  of  the  secretions. 
After  the  sixth  hour,  this  unusual  activity  of  the  sugar-producing 
"function  begins  again  to  diminish;  and,  the  transformation  of  the 
sugar  in  the  circulation  going  on  as  before,  it  gradually  disappears 
nfi  an  ingredient  of  the  blood.  Finally,  the  ordinary  equilihrium 
^K between  its  production  and  its  decomposition  is  re-established,  and 
^*it  can  no  longer  be  found  except  in  the  liver  and  in  that  part  of 
the  circulatory  system  which  is  between  the  liver  and  the  lungs. 
There  is,  therefore,  a  periodical  increase  in  the  amount  of  nnde- 
compoaed  sugar  in  the  blood,  as  we  have  already  shown  to  be  the 

|€2ase  with  the  fatty  matter  absorbed  during  digestion;  but  this 
increase  is  soon  followed  by  a  corresponding  diminution,  and  during 
the  greater  portion  of  the  time  its  decomposition  keeps  pace  with 
its  production,  and  it  is  consequently  prevent^^d  from  appearing  in 
the  blood  of  the  general  circulation. 
There  are  produced,  accordingly*  in  the  liver,  two  different  secre- 
ptions,  viz*,  bile  and  sugar.  Both  of  them  originate  by  transforma^ 
don  of  the  ingretiients  of  the  hepatic  tissue,  from  which  they  are 
absorbed  by  two  different  sets  of  vessels.  The  bile  is  taken  up  by 
the  biliary  ducts,  and  by  them  discharged  into  the  intestine:  while 
the  sugar  is  carried  off  by  the  hepatic  veins,  to  be  decomposed  in  the 
circulatioD,  and  become  subservient  to  the*nutrition  of  the  blood. 
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compressing  tbc  globules,  forces  them  into  such  a  position  that  tbcy^ 
may  occupy  the  least  possible  apace.  This  position  is  evidently 
that  in  which  they  are  applied  to  each  other  by  their  flat  Burfaoea^ 
as  above  described- 

The  color  of  the  blood-glob\j]es,  when  viewed  by  transmitted 
light  aod  spread  out  in  a  thin  layer,  is  a  light  amber  or  pale  yellow. 
It  is,  on  the  contrary,  deep  red  when  they  are  seen  by  reflected 
light,  or  piled  together  in  comparatively  thick  layers.  When  viewed 
singly,  they  are  so  traospareot  that  the  outlines  of  those  lying  under- 
neath can  bo  easUy  seen,  showing  through  the  substance  of  the 
superjacent  globules.  Their  consistency  is  peculiar.  They  are  not 
solid  bodies,  as  they  have  been  sometimes  inadvertently  described ; 
but  on  the  contrary  have  a  consistency  which  is  very  nearly  floid. 
They  are  in  consequence  exceedingly  flexible,  and  easily  elongated, 
bent,  or  othervv^ise  distorted  by  accidental  pressure^  or  in  pasi>ing 
through  the  narrow  currents  of  fluid  which  often  establish  them- 
selves accidentally  in  a  drop  of  blood  under  microscopic  examina- 
tion. This  distortion,  however,  is  only  temporary,  and  the  globules 
regain  their  original  shape,  as  soon  as  the  accidental  pressure  is 
taken  off  The  peculiar  flexibility  and  elasticity  thus  noticed  are 
characteristic  of  the  red  globules  of  the  blood,  and  may  always 
serve  to  distinguish  them  from  any  other  free  cells  which  may  be 
found  in  the  animal  tissues  or  fluids. 

In  structure  the  blood-globules  are  homogeneous,  Tliey  have 
been  sometimes  erroneously  described  as  consisting  of  a  closed 
vesicle  or  cell- wall,  containing  in  its  cavity  some  fluid  or  semi-fluid 
substance  of  a  dlflerent  character  from  that  composing  the  wall  of 
the  vesicle  itself.  No  such  structure,  however,  is  really  to  be  seen 
in  them.  Each  blood-globule  consists  of  a  mass  of  organized  aoi- 
mal  substance,  perfectly  or  nearly  homogeneous  in  appearance,  and 
of  the  same  color,  consistency  and  composition  throughout.  In 
some  of  the  lower  animals  (birds,  reptiles,  fish)  it  contains  also  a 
granular  nucleus,  imbedded  in  the  substance  of  the  globule;  but 
in  no  instance  is  there  any  distinction  to  be  made  out  between  an 
external  cell-wall  and  an  internal  cavity. 

The  appearance  of  the  blood-globules  is  altered  by  the  addition 
of  various  foreign  substances.  If  water  be  added,  so  as  to  dilute 
the  plasma,  the  globules  absorb  it  by  imbibition,  swell  lose  their 
double  central  concavity  and  become  paler.  If  a  larger  quantity 
of  water  be  added,  they  finally  dissolve  and  disappear  altogether. 
When  a  moderate  quantity  of  water  is  mixed  with  the  blood,  the 
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Bi.ooD-OLOBL'LBH,  swulleu  bj  the  imblbitioo  of 
water. 


edges  of  the  globules,  being  thicker  than  the  central  portions,  and 
absorbing  water  more  abundantly,  become  turgid,  and  encroach 
gradually  upon  the  central 
part    (Fig.  59.)    It  is  very  ^^^-  '^*- 

common  to  see  the  central 
depression  under  these  cir- 
cumstances, disappear  on  one 
side  before  it  is  lost  on  the 
other,  so  that  the  globule,  as 
it  swells  up,  curls  over  to- 
wards one  side,  and  assumes 
a  peculiar  cup-shaped  form 
(a).  This  form  may  often  be 
seen  in  blood-globules  that 
have  been  soaking  for  some 
time  in  the  urine,  or  in  any 
other  animal  fluid  of  a  less 
density  than  the  plasma  of 
the  blood.   Dilute  acetic  acid 

dissolves  the  blood-globules  more  promptly  than  water,  and  solu- 
tions of  the  caustic  alkalies  more  promptly  still. 

If  a  drop  of  blood  be  allowed  partially  to  evaporate  while  under 
the  microscope,  the  globules 
near  the  edges  of  the  prepa-  ^'^'     * 

ration  often  diminish  in  size, 
and  at  the  same  time  present 
a  shrunken  and  crenated  ap- 
pearance, as  if  minute  gran- 
ules were  projecting  from 
their  surfaces  (Fig.  60);  an 
effect  apparently  produced 
by  the  evaporation  of  part 
of  their  watery  ingredients. 
For  some  unexplained  rea- 
aon,  however,  a  similar  dis- 
tortion is  often  produced  in 
some  of  the  globules  by  the 
addition  of  certain  other  ani- 
mal fluids,  as  for  example  the 
saliva;  and  a  few  can  even  be  seen  in  this  condition  after  the 
addition  of  pure  water. 


Bt.ood-oi.obul.bi,  shruuken,  with  their  margini 
creiiAied. 
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The  entire  mass  of  the  blood-globules,  in  proportion  to  the  rest 
of  the  circulating  fluid,  can  only  be  approximately  measured  by 
the  eye  in  a  microscopic  examination.  In  ordinary  analyses  the 
globules  are  usually  estimated  as  amounting  to  about  fifteen  per 
cent.,  by  weight,  of  the  entire  blood.  This  estimate,  however,  refers, 
properly  speaking,  not  to  the  globules  themselves,  but  only  to  their 
dry  residue,  after  the  water  which  they  contain  has  been  lost  by 
evaporation.  It  is  easily  seen,  by  examination  with  the  microscope, 
that  the  globules,  in  their  natural  semi-fluid  condition,  are  really 
much  more  abundant  than  this,  and  constitute  fully  one-half  the 
entire  mass  of  the  hhod  ;  that  is,  the  intercellular  fluid,  or  plasma,  is 
not  more  abundant  than  the  globules  themselves  which  are  sus- 
pended in  it.  When  separated  from  the  other  ingredients  of  the 
blood  and  examined  by  themselves,  the  globules  are  found,  ac- 
cording to  Lehmann,  to  present  the  following  composition : — 

Composition  of  the  Blood-Globules  in  1000  Pabts. 

Water 688.00 

Globuline 282.22 

Hematine 16.75 

Fattj  substances 2.31 

UndetermiDed  (extractive)  matters 2.60 

Chloride  of  sodium 

*'*'  potassium 

Phosphates  of  soda  and  potassa 

Sulphate  "  " 

Phosphate  of  lime 

^  "  magnesia 


8.12 


1000.00 


The  most  important  of  these  ingredients  is  the  globuline.  This 
is  an  organic  substance,  nearly  fluid  in  its  natural  condition  by 
union  with  water,  and  constituting  the  greater  part  of  the  mass  of 
the  blood- globules.  It  is  soluble  in  water,  but  insoluble  in  the 
plasma  of  the  blood,  owing  to  the  presence  in  that  fluid  of  albumen 
and  saline  matters.  If  the  blood  be  largely  diluted,  however,  the 
globuline  is  dissolved,  as  already  mentioned,  and  the  blood-globules 
are  destroyed.  Globuline  coagulates  by  heat;  but,  according  to 
Eobin  and  Verdeil,  only  becomes  opalescent  at  160°,  and  requires 
for  its  complete  coagulation  a  temperature  of  200°  F. 

The  hematine  is  the  coloring  matter  of  the  globules.  It  is,  like 
globuline,  an  organic  substance,  but  is  present  in  much  smaller  quan- 
tity than  the  latter.    It  is  not  contained  in  the  form  of  a  powder, 
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mechanically  deposited  in  the  globuline,  but  the  two  substances  are 
intimately  mingled  throughout  the  mass  of  the  blood-globule,  just 
as  the  fibrin  and  albumen  are  mingled  in  the  plasma.  Hematine 
contains,  like  the  other  coloring  matters,  a  small  proportion  of  iron. 
This  iron  has  been  supposed  to  exist  under  the  form  of  an  oxide ; 
and  to  contribute  directly  in  this  way  to  the  red  color  of  the  sub- 
stance in  question.  But  it  is  now  ascertained  that  although  the 
iron  is  found  in  an  oxidized  form  in  the  ashes  of  the  blood-globules 
after  they  have  been  destroyed  by  heat,  its  oxidation  probably  takes 
place  during  the  process  of  incineration.  So  far  as  we  know,  there- 
fore, the  iron  exists  originally  in  the  hematine  as  an  ultimate 
element,  directly  combined  with  the  other  ingredients  of  this  sub- 
stance, in  the  same  manner  as  the  carbon,  the  hydrogen,  or  the 
nitrogen. 

The  blood-globules  of  all  the  warm-blooded  quadrupeds,  with 
the  exception  of  the  fiimily  of  the  camelidss,  resemble  those  of  the 
human  species  in  shape  and  structure.  They  differ,  however,  some- 
what in  size,  being  usually  rather  smaller  than  in  man.  There  are 
but  two  species  in  which  they  are  known  to  be  larger  than  in  man, 
viz.,  the  Indian  elephant,  in  which  they  are  ^Vott  of  ^^  inch,  and 
the  two-toed  sloth  {BmdypiLs  didactylus),  in  which  they  are  jgViy  of 
an  inch  in  diameter.  In  the  musk  deer  of  Java  they  are  smaller 
than  in  any  other  known  species,  measuring  rather  less  than  ysJ^r^ 
of  an  inch.  The  following  is  a  list  showing  the  size  of  the  red 
globules  of  the  blood  in  the  principal  mammalian  species,  taken 
from  the  measurement  of  Mr.  Gulliver.* 

Diameter  op  Red  Globules  in  the 


Ape     . 

•      Fi'ffoofa" 

inch.         Cat 

Ti'ff0^^  an  inch. 

Horse  . 

x^sn 

Fox     . 

•     lAn      " 

Ox       • 

'        .      «W 

"                 Wolf  . 

1                 ti 

Sheep  . 

is'ffff 

*                 Elephant     . 

•      fVair        " 

Goat    . 

•           •        ffs'ffff 

"                 Red  deer     . 

•      Wolf        " 

Dog      . 

yj'oiy 

»                 Mnak  deer  . 

•    tfIju 

In  all  these  instances  the  form  and  general  appearance  of  the 
globules  are  the  same.  The  only  exception  to  this  rule  among  the 
mammalians  is  in  the  family  of  the  camelidae  (camel,  dromedary, 
lama),  in  which  the  globules  present  an  oval  outline  instead  of  a 
circular  one.    In  other  respects  they  resemble  the  foregoing. 

In  the  three  remaining  classes  of  vertebrate  animals,  viz.,  birds. 


'  In  Works  of  William  Hewson,  Sjvlenham  edition,  London,  1846,  p.  327. 
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reptiles,  and  fish,  the  blood-globules  diflFer  so  much  from  the  above 
that  they  can  be  readily  distinguished  by  microscopic  examination. 
They  are  oval  in  form,  and  contain  a  colorless  granular  nucleus 
imbedded  in  their  substance.  They  are  also  considerably  larger 
than  the  blood-globules  of  the  mammalians,  particularly  in  the 

class  of  reptiles.    In  the  frog 
Fig.  61.  (Fig.  61)  they  measure  ts'ov 

of  an  inch  in  their  long 
diameter;  and  in  Mencbran- 
chu8,  the  great  water  lizard 
of  the  northern  lakes,  ji^  of 
an  inch.  In  Proteus  angui- 
nu8  they  attain  the  size,  ac- 
cording to  Dr.  Carpenter,*  of 
^  J7  of  an  inch. 

Beside  the  corpuscles  de- 
scribed above,  there  are  glo- 
bules of  another  kind  found 
in  the  blood,  viz.,  the  white 
globules.  These  globules  are 
very  much  less  numerous 
than  the  red ;  the  proportion 
between  the  two,  in  human  blood,  being  one  white  to  two  or  three 
hundred  red  globules.  In  reptiles,  the  relative  quantity  of  the 
white  globules  is  greater,  but  they  are  always  considerably  less 
abundant  than  the  red.  They  differ  also  from  the  latter  in  shape, 
size,  color,  and  consistency.  They  are  globular  in  form,  white  or 
colorless,  and  instead  of  being  homogeneous  like  the  others,  their 
substance  is  filled  everywhere  with  minute  dark  molecules,  which 
give  them  a  finely  granular  appearance.  (Fig.  55,  c.)  In  size  they 
are  considerably  larger  than  the  red  globules,  being  about  ,  ^Vv  of 
an  inch  in  diameter.  They  are  also  more  consistent  than  the  others, 
and  do  not  so  easily  glide  along  in  the  minute  currents  of  a  drop  of 
blood  under  examination,  but  adhere  readily  to  the  surfaces  of  the 
glass.  If  treated  with  dilute  acetic  acid,  they  swell  up  and  become 
smooth  and  circular  in  outline ;  and  at  the  same  time  a  separation 
or  partial  coagulation  seems  to  take  place  in  the  substance  of  which 
they  are  composed,  so  that  an  irregular  collection  of  granular 
matter  shows  itself  in  their  interior,  becoming  more  divided  and 


BLOoD-aLoBnL  Kfl  op  Fkoq  — n.  Blood-globale 
teea  edgewise,    b.  White-glubulo. 


*  The  Microscope  and  its  Revelations,  Philadelphia  edition,  p.  600. 
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l>roken  up  as  the  action  of  the  acetic  acid  upon  the  globule  is 
onger  continued.  (Fig.  62.)  This  collection  of  granular  matter 
>ften  assumes  a  curved  or  crescentic  form,  as  at  a,  and  sometimes 
rarious  other  irregular  shapes.  It  does  not  indicate  the  existence 
)f  a  nucleus  in  the  white  globule,  but  it  is  merely  an  appearance 
3roduced  by  the  coagulating 
ind  disintegrating  action  of  ^»?-  ^2. 

SLcetic  acid  upon  the  substance 
of  which  it  is  composed. 

The  chemical  constitution 
of  the  white  globules,  as 
distinguished  from  the  red, 
has  never  been  determined ; 
owing  to  the  small  quantity 
in  which  they  occur,  and  the 
diflBculty  of  separating  them 
from  the  others  for  purposes 
of  analysis. 

The  two  kinds  of  blood- 
globules,  white  and  red,  are 
to  be  regarded  as  distinct 
and  independent  anatomical 
forms.  It  has  been  sometimes  supposed  that  the  white  globules 
were  converted,  by  a  gradual  transformation,  iuto  the  red.  There 
is,  however,  no  direct  evidence  of  this ;  as  the  transformation  has 
never  been  seen  to  take  place,  either  in  the  human  subject  or  in 
the  mammalia,  nor  even  its  intermediate  stages  satisfactorily  ob- 
served. When,  therefore,  in  default  of  any  such  direct  evidence^ 
we  are  reduced  to  the  surmise  which  has  been  adopted  by  some 
authors,  viz.,  that  the  change  ''  takes  place  too  rapidly  to  be  de- 
tected by  our  means  of  observation,"*  it  must  be  acknowledged 
that  the  above  opinion  has  no  solid  foundation.  It  has  been  stated 
by  some  authors  (Kdlliker,  Gerlach)  that  in  the  blood  of  the 
iMLtrachian  reptiles  there  are  to  be  seen  certain  bodies  intermediate 
in  appearance  between  the  white  and  the  red  globules,  and  which 
represent  different  stages  of  transition  from  one  form  to  the  other ; 
bat  this  is  not  a  fact  which  is  generally  acknowledged.  We  have 
repeatedly  examined,  with  reference  to  this  point,  the  fresh  blood* 
of  the  frog,  as  well  as  that  of  the  menobranchus,  in  which  the  large 


Writr  Olobulbs  or  tbb  Blood;  altered  by 
dilate  acetic  acid. 


KoUiker,  Handbach  der  Qewebelehre,  Leipzig,  1852,  p.  582. 
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size  of  the  globules  would  give  every  opportunity  for  detecting  ai 
such  changes^  did  'they  realty  exist ;  and  it  i&  our  unavoidable  co: 
elusion  from  these  observations,  that  there  is  no  good  evidence,  e 
in  the  blood  of  reptiles,  of  any  suuh  tnmaformatioa  taking  pki 
There  is  simply,  as  in  human  blood,  a  certain  variation  in  size 
opacity  among  the  red  globules ;  but  no  such  connection  with, 
resemblance  to,  the  white  globules  as  to  indicate  a  pa.ssage{rom  o^^( 
form  to  the  other.  The  red  and  white  globules  are  therefore  to  111 
regarded  as  distinct  and  independent  anatomical  elements,  Th.^^ 
are  mingled  together  in  the  blood,  just  as  capillary  bloodvessels  a^xj, 
nerves  are  mingled  in  areolar  tissue ;  but  there  is  no  other  connect! 
between  them,  so  far  as  their  formation  is  concernedj  than  that 
juxtaposition. 

Neither  is  it  at  all  probable  that  the  red  globules  are  produced  or 
destroyed  in  any  particular  part  of  the  body.  One  ground  for  iht 
belief  that  these  bodies  were  produced  by  a  raetamorphosii*  of  the 
white  globules  was  a  supposition  that  tliey  were  continually  ajid 
rapidly  destroyed  somewhere  in  the  circulation;  and  as  this  loss 
must  be  as  rapidly  counterbalanced  by  the  formation  of  new  glo- 
bules, and  as  no  other  probable  source  of  their  reproduction  ap* 
peared,  they  were  supposed  to  be  produced  by  transformation  of 
the  white  globules.  But  there  is  no  reason  for  believing  that  tlm 
red  globules  of  the  blood  are  any  less  permanent,  as  anatomiail 
forms,  than  the  muscular  fibres  or  the  nervous  filaments.  Thef 
undergo,  it  is  true,  like  all  the  constituent  parts  of  the  body, » 
constant  interstitial  metamorphosis.  They  absorb  incessantly  uu« 
tritious  materials  from  the  blood,  and  give  up  to  the  circulating 
fluid,  at  the  same  time,  other  substances  which  result  from  their 
internal  waste  and  disintegration.  But  they  do  not,  so  far  as  w 
know,  perish  bodily  in  any  part  of  the  circulation.  It  is  not  the 
anatomical  formsj  anywhere^  which  undergo  destruction  andTeoo- 
vation  in  the  nutritive  process;  but  only  the  proximate principtes  of 
which  they  are  composuL  The  eflect  of  this  interstitial  nutritioQ, 
therefore,  in  the  blood -globules  as  in  the  various  solid  tissuee^  b. 
merely  to  maintain  them  in  a  natural  and  healthy  condition  ef 
integrity.  Their  ingredients  are  incessantly  altered,  by  transforma- 
tion and  decomposition,  as  they  pass  through  various  parts  of  the 
vascular  system;  but  the  globules  themselves  retain  their  form 
and  texture,  and  still  remain  as  constituent  parts  of  the  ctrculaung 
fluid. 
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Plasma. — The  plasvm  of  the  blood,  according  to  Lehmann,  haa 

following  coiistitution : — 

Composition  of  the  Plasma  is  1,000  parts* 

VfhUf LXV2.90 

Fibrin  ,         .       *  * 4,05 

Albumen     . 78.84 

PaUjt  mallera 1.72 

Undetemiint^  (extractive)  matters     .         .         .         .  •         3. 94 

Ctiloride  of  sodium 

*•  potft8siam 

Phosphates  of  soil&  and  potusaa 
Sulphatei  "  » 

PUoaplLAte  of  lime 

1000,00 

The  above  ingredients  are  all  intimately  miniL^led  in  the  blood- 

sma,  in  a  fluid  form,  by  mutual  solution;  but  they  may  be  sepa- 

|ted  from  each  other  for  examination  by  appropriate  means*     The 

ro  ingredients  belonging  to  the  class  of  organic  substances  are  the 

>rin  and  the  albumen. 

Theytinr*,  though  present  in  small  quantity,  is  evidently  an  im- 
>rtant  element  in  the  constitution  of  the  bUx>d.  It  may  be  ob* 
ined  in  a  tolerably  pure  form  by  gently  stirring  freshly  drawn 
lood  with  a  glass  rod  or  a  bundle  of  twigs ;  upon  which  the  fibrin 
^agulateSj  and  adheres  to  the  twigs  in  the  form  of  slender  threads 
ad  flakes.  The  fibrin,  thus  coagulated,  is  at  first  colored  red  by 
5e  bfematine  of  the  blood-globules  entangled  in  it ;  but  it  may  be 
shed  colorless  by  a  few  hours'  soaking  in  running  water.  The 
>nTi  then  presents  itself 
Dder    the   form  of  nearly  ^^^*  ^' 

I'hite  threads    and    flakes, 
iving  a  semi-solid  consist- 
ttcy,  and  a  considerable  de- 
fee  of  elasticity. 
The  coagulation  of  fibrin 
^ea   place   in  a   peculiar 
banner.  It  does  not  solidify 
a  perfectly  homogeneous 
ass ;  but  if  examined  by  the 
!licra»cope  in  thin  layers  it 
1  seen  to  have  a  fibroid  or 
aentoufl  texture.   In  this 
>ndition  it   is  said   to   be 

,,      .„         1  i*  ,TT        1.^  \     mi  CoArtVLATBD  FiBiitsr,  sbowliig  lttflbrai*lod«>a» 

ibrillatcd.   (iig.  W.)    The    duigo. 
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filaraents  of  wliich  it  is  composed  are  colorless  and  elastic,  and  whcra 
isolated  are  seen  to  be  exceedingly  minute;  being  not  n^ore  thai 
luUo  ^^  ^^^'^  z-oifvn  *>^  »^  i^^ch  in  diameter.    They  are  in  par 
arranged  so  as  to  lie  parallel  with  each  other;  but  are  more  geue 
rally  interlaced  in  a  kind  of  irregular  network,  crossing  each  othci 
in  every  direction.     On  the  addition  of  dilute  acetic  acid,  they  swel 
up  and  fuse  together  into  a  homogeneous  mass,  but  do  not  dissolre 
They  are  often  interspersed  everywhere  with  minute  granular  moL 
cules,  which  render  their  outlines  more  or  less  obscure. 

Once  coagulated,  Jibrin  is  insoluble  in  water  and  can  only  l 

%m  liquefied  by  the  action  of  an  alkaline  or  strongly  saline  soln- 
'tion,  or  by  prolonged  boiling  at  a  very  high  temperature.     These 
agents,  however,  produce  a  complete  alteration  in  the  properties  rf 
the  fibrin,  and  after  being  subjected  to  them  it  is  no  longer  tbe 
same  subst^ince  as  before* 

The  quantity  of  fibrin  in  the  blood  varies  in  different  parts  of  the 
bo<ly.  According  to  the  observations  of  various  writers,^  there  is 
more  fibrin  generally  in  arterial  than  in  venous  blood.  Tbe  blood 
of  the  veins  near  the  heart,  again,  contains  a  smaller  proportion  of 
fibrin  than  those  at  a  distance.  The  blood  of  the  portal  vein  con- 
tains less  than  that  of  the  jugular ;  and  that  of  the  hepatic  yein  lea 
than  that  of  the  portal. 

The  albumen  is  undoubtedly  the  most  important  ingredient  of  the 
plasma,  judging  both  from  its  nature  and  tbe  abundance  in  which 
it  occurs.  It  coagulates  at  once  on  being  heated  to  160^  F.,  or  by 
contact  with  alcohol,  the  mineral  acids,  the  metallic  salts»  or  with 
ferrocyanide  of  potassium  in  an  acidulated  solution.  It  exists  natu- 
rally in  the  plasma  in  a  fluid  form  by  reason  of  its  union  with 
water.  The  gretiter  part  of  the  water  of  the  plasma,  in  fact,  is  itt 
union  with  the  albumen ;  and  when  the  albumen  coagulates,  the 
water  remains  united  with  it,  and  assumes  at  the  same  time  the 
Bolid  form.  If  the  plasma  of  the  blood,  therefore,  after  the  removil 
of  the  fibrin,  be  exposed  to  the  temperature  of  lt>0^  F.,  it  solidifies 
almost  completely ;  so  that  only  a  few  drops  of  water  remain  thai 
can  be  drained  away  from  the  coagulated  mass.  The  phosphates 
of  lime  and  magnesia  are  also  held  in  solution  principally  by 
albumen,  and  are  retained  by  it  in  coagulation. 

ThQ/aily  matters  exist  in  the  blood  mostly  in  a  saponified  form, 
excepting  soon  after  the  digestion  of  food  rich  in  fat     At  tluit 
period,  as  we  have  already  mentioned,  the  emulsioned  fut  finds  its 
BoMn  and  Verdeil,  op.  cit.,  vol.  ii.  p.  202, 


30AGOLATION    OF   THE    BLOOD. 


209 


nny  into  the  blood,  and  circulates  for  a  time  unchanged.    After- 
vard  it  disappears  as  free  fat,  and  remains  partly  in  the  saponified 
I  coodition. 

The  saline  ingrrdienis  of  the  plasma  are  of  the  same  nature  with 

[those  existing  in  the  globules.     The  chlorides  of  sodium  and  potas- 

[sia%  and  tbe  phosphates  of  soda  and  potassa  are  the  most  abundant 

m  both,  while  the  sulphates  are  present  only  in  minute  quantity. 

.The  proportions  in  which  the  various  salts  are  present  are  very  dif- 

[ferent^  according  to  Lehmann,*  in  the  blood -globules  and  in  the 

j  plasma.    Chloride  of  potaaaium  is  most  abundant  in  tbe  globules, 

chloride  of  sodium  in  the  plasma.     The  phospliateg  of  soda  and 

potaasa  are  more  abundant  in  the  globules  than  in  the  plasma.     On 

the  other  hand,  the  phosphates  of  lime  and  magnesia  are  more 

abundant  in  the  plasma  than  in  the  globules. 

The  substances  known  under  the  name  of  extractive  matters  consist 
of  a  mixture  of  different  ingredients,  belonging  mostly  to  the  class 
■organic  substances,  which  have  not  yet  been  separated  in  a  state 
Df  sufficient  purity  to  admit  of  their  being  thoroughly  examined 
od  distinguished  from  each  other.     They  do  not  exist  in  great 
^l>undance,  but  are  undoubtedly  of  considerable  importance  in  the 
onstitution  of  the  blood.    Beside  the  substances  enumerated  in  the 
above  list,  there  are  still  others  which  occur  in  small  quantity  as 
ingredients  of  the  blood.    Among  the  most  important  are  the  alka- 
"j^fitf  carbonates,  which  are  held  in  solution  in  the  serum.    It  has 
ady  been  mentioned  that  while  the  phosphates  are  most  abun* 
dant  in  the  blood  of  the  carnivora,  the  carbonates  are  most  abun- 
dant in  that  of  the  herbivora.    Thus  Lehmann'  found  carbonate  of 
la  in  the  blood  of  the  ox  in  the  proportion  of  1.628  per  thousand 
irts.    There  are  also  to  be  found,  in  solution  in  the  blood,  urea, 
urate  of  soda,  crtatim^  creatinine^  sugar,  &c. ;  all  of  them  crystalliza- 
ble  substances  derived  from  the  transformation  of  other  ingredients 
the  blood*  or  of  the  tissues  through  which  it  circulates.     The 
tive  quantity,  however,  of  these  substances  is  very  minute,  and 
las  not  yet  been  determined  with  precision. 


COA0ULATIOK  OP  THE  Blood. — A  few  moments  after  the  blood 
haa  been  withdrawn  from  the  vessels,  a  remarkable  phenomenon 
presents  itself,  viz.,  its  coagulation  or  clotting.  This  process  com* 
mences  at  nearly  the  same  time  throughout  the  whole  mass  of  the 
blood.    The  blood  becomes  first  somewhat  diminished  in  fluidity, 

»  Op.  cit,,  vol.  i.  p.  546.  «  Op.  cit.,  vol.  i.  p.  393. 
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SO  that  it  will  not  run  over  the  edge  of  the  vessel,  when  slighl 
inclined;  and  its  surface  may  be  gently  depressed  with  the  end  of 
the  finger  or  a  glass  rod.  It  then  becomes  rapidly  thicker,  and  at 
last  solidifies  into  a  uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  was 
received.  Its  coagulation  is  then  complete.  The  process  usually 
commences,  in  the  case  of  the  human  subject,  in  about  fifteen  min- 
utes after  the  blood  has  been  drawn,  and  is  completed  in  about 
twenty  minutes. 

The  coagulation  of  the  blood  is  dependent  entirely  upon  the 
presence  of  the  fibrin.  This  fact  has  been  demonstrated  in  various 
ways.  In  the  first  place,  if  frog's  blood  be  filtered,  so  as  to  separate 
the  globules  and  leave  them  upon  the  filter,  while  the  plasma  is 
allowed  to  run  through,  the  oolorlea^i  filtered  fluid  which  contains 
the  fibrin  soon  coagulates;  while  no  coagulation  takes  place  in  the 
moist  globules  remaining  on  the  filter.  Again,  if  the  freshly  drawn 
blood  be  stirred  with  a  bundle  of  rods,  as  we  have  already  de- 
scribed above,  the  fibrin  coagulates  upon  them  by  itself,  while  the 
rest  of  the  plasma,  mixed  with  the  globules,  remains  perfectly  fluid. 
It  is  the  fibrin,  therefore,  which,  by  its  own  coagulation,  induces 
the  solidification  of  the  entire  blood.  As  the  fibrin  is  uniformly 
distributed  throughout  the  blood,  when  its  coagulation  takes  place 
the  minute  filaments  which  make  their  appearance  in  it  entangle 
in  their  meshes  the  globules  and  the  albuminous  fluids  of  the 
plasma.  A  very  small  quantity  of  fibrin,  therefore,  is  sufficient  to 
entangle  by  its  coaguhition  all  the  fluid  and  semi-fluid  parts  of  the 
blood,  and  convert  the  whole  into  a  volumi- 
nous, trembling,  jelly-like  mass,  which  is 
known  by  the  name  of  the  '*crassamentum," 
or  ''clot."  (Fig.  64.) 

As  soon  as  the  clot  has  fairly  formed,  it 
begins  to  contract  and  diminish  in  size.  Ex- 
actly how  this  contraction  of  the  clot  is  pro- 
duced, we  are  unable  to  say ;  but  it  is  proba- 
bly a  continuation  of  the  same  process  by 
which  its  solidification  is  at  first  accomplished^ 
or  at  least  one  very  similar  to  it.  As  the 
contraction  proceeds,  the  albuminous  fluids 
begin  to  be  pressed  out  from  the  meshes  in 
which  they  were  entangled.  A  few  isolated  drops  flrst  appear  on 
the  surface  of  the  clot    These  drops  soon  increase  in  size  and  bc- 


Fig-  64. 


Bowl  of  receotij  CoAwr- 
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come  more  Bumerous.  They  run  together  and  coalesce  with  each 
other,  as  more  and  more  fluid  exudes  from  the  coagulated  mass, 
tLHtil  the  whole  surface  of  the  clot  is  covered  with  a  ihin  layer  of 
fluid.  The  clot  at  first  adheres  pretty  strongly  to  the  sides  of  the 
el  into  which  the  blood  was  drawn ;  but  as  its  contraction  goes 
a.  ita  edges  are  separated,  and  the  fluid  continues  to  exude  between 
it  and  the  sides  of  the  vessel.     This  exudation 

>ntioue3  for  ten  or  twelve  hours;  the  clot  Fig.  66, 

["growing  constantly  smaller  and  iirmer,  and 

the  expressed  fluid  more  and  more  abundant. 

The  globules,  owing  to  their  greater  con- 

istency,  do  not  escape  with  the  albuminous 

iuids,  but  remain  entangled  in  the  fibrinous 

alum.     Finally^  at  the  end  of  ten   or 

Ive   hours  the  whole  of  the   blood  has  

ully  separated  into  two  parts,  viz,,  the  cbl     g^^^^    ..^    cnArjotATBo 
rhicb  is  a  red,  opaque,  dense  and  resisting  b^oop,  »ner  iwewe  hoan, 

I  .1*1  r.  £»     \       /i-i     *  J     ihowloj    tbe    clot    eoatr»ct»d 

8emi*solid  mass,  consistmg  of  the  nbrm  and  mnd  flo«mg  m  th«  auid  Mrom. 
the  blood-globules ;  and  the  serum,  which  is  a 
transparent,  nearly  colorless  fluid,  containing  the  water,  albumen^ 
and  saline  matters  of  the  plasma.  (Fig.  65.) 

The  change  of  the  blood  in  coagulation,  may  therefore  be  ex- 
pressed as  follows : — 

Before  coagulation  the  blood  consists  of 

Fibrin, 


liU  QLOBUt^Ei;  and  2d*  Flaaiia — oonUisiiiig 


After  coagulation  it  is  separated  into 


lit,  CuiT,  oonUlning 


f  Fibrin  and 


\  Global*. ;       *"^  ^-  ^''"""''  >'™t»"'«°8  \ 


Albumen, 

Water, 

Salti. 

f  Albumen, 
'  Water, 
Salts. 


The  coagulation  of  the  blood  is  hastened  or  retarded  by  various 
physical  conditions,  which  have  been  studied  with  care  by  various 
observers^  but  more  particularly  by  Robin  and  Verdeil.  The  con- 
ditions which  influence  the  rapidity  of  coagulation  are  as  follows ; 
RfBt,  the  rapidity  with  which  the  blood  is  drawn  from  the  vein, 
5nd  the  size  of  the  orifice  from  which  it  flows.  If  blood  be  drawn 
rapidly,  in  a  full  stream,  from  a  large  orifice,  it  remains  fluid  for  a 
comparatively  long  time;  if  it  bo  drawn  slowly^  from  a  narrow 
wiflce.  it  coagulates  quickly.  Thus  it  usually  happens  that  in  the 
operation  of  venesection,  the  blood  drawn  immediately  after  the 
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opening  of  the  vein  runs  freely  and  coagulates  slowly ;  while  mai 
which  is  drawn  toward  the  end  of  the  operation,  when  the  tensioa  j 
of  the  veins  has  been  relieved  and  the  blood  trickles  slowly  from 
the  wound,  coagulates  quickly.    Secondly,  the  shape  of  the  Te 
into  which  the  blood  is  received  and  the  condition  of  its  internal' 
surface.     The  greater  the  extent  of  surface  over  which  the  blood  ^ 
comes  in  contact  with  the  vessel,  the  more  is  its  ooagalatioii  I 
hastened.     Thus,  if  the  blood  be  allowed  to  flow  into  a  tall,  narrov, 
cylindrical  vessel,  or  into  a  shallow  plate,  it  coagulates  more  rapiiilj 
than  if  it  be  received  into  a  hemispherical  bowl,  in  which  the  eX' 
tent  of  surface  is  less,  in  proportion  to  the  entire  quantity  of  blood 
which  it  contains.    For  the  same  reason,  coagulation  takes  pUce  J 
more  rapidly  in  a  vessel  with  a  roughened  internal  surface,  than  in  1 
one  which  is  smooth  and  polished.    The  blood  coagulates  most 
rapidly  when  spread  out  in  thin  layers,  and  entangled  among  tk 
fibres  of  cloth  or  sponges.    For  the  same  reason,  also,  hemorrhage 
continues  longer  from  an  incised  wound  than  from  a  lacerated  one; , 
because  the  blood,  in  flowing  over  the  ragged  edges  of  the  Iioe- 1 
rated  bloodvessels  and  tissues,  solidifies  upon  them  readily,  and  Iho* } 
blocks  up  the  wound. 

In  all  these  cases,  there  is  an  inverse  relation  between  the  rapidity 
of  coagulation  and  the  firmness  of  the  clot.    When  coagularioa  J 
takes  place  slowly,  the  clot  afterward  becomes  small  and  dense,  and  I 
the  serum  is  abundant.    When  coagulation  is  rapid,  there  is  but 
little  contraction  of  the  coagulum,  an  imperfect  separation  of  the 
serum,  and  the  clot  remains  large,  soft,  and  gelatinous. 

It  ia  well  known  to  practical  physicians  that  a  similar  relatiofl 
exists  when  the  coagulation  of  the  blood  is  hastened  or  retarded  bj 
disease.    In  cases  of  lingering  and  exhausting  illness,  or  in  diseases  | 
of  a  typhoid  or  exanthematous  character,  with  much  depression  of 
the  vital  powers,  the  blood  coagulates  rapidly  and  the  clot  remaiiw 
soft.     In  cases  of  active  inflammatory  disease,  as  pleurisy  or  pneti^ 
monia,  occurring  in  previously  healthy  subjects,  the  blood  coagulate 
slowly,  and  the  clot  becomes  very  firm.    In  every  instance,  the  i 
blood  which  has  coagulated  liquefies  again  at  the  commencement  ^  j 
putrefaction. 

The  coagulation  of  the  fibrin  is  not  a  commencement  of  organrntivn  j 
The  filaments  already  described,  which  show  themselves  in  the  cHl 
(Fig.  63),  are  not,  properly  speaking,  organized  fibres,  and  are  cO* 
tirely  different  in  their  character  from  the  fibres  of  areolar  tissuc^orl 
any  other  normal  anatomical  elements.    They  are  simply"  the  ulti- 
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mate  form  wliicli  fibrin  assumes  in  coagulating,  just  as  albumen 
takes  the  form  of  granules  under  the  same  circumstances.  The 
coagulation  of  fibrin  does  not  differ  in  character  from  that  of  any 
other  organic  substance;  it  merely  differs  in  the  physical  conditions 
which  give  rise  to  it.  All  the  coagulable  organic  substances  are 
aaturally  fluid,  and  coagulate  only  when  they  are  placed  under 
certain  unusual  conditions.  But  the  particular  conditions  neces- 
ry  for  coagulation  vary  with  the  difierent  organic  substances. 
Thus  albumen  coagulates  by  the  application  of  heat.  Casein,  which 
is  not  aflccted  by  heat,  coagulates  by  contact  with  an  acid  body. 
Pancreatine,  again,  is  coagulated  by  contact  with  sulphate  of  mag- 
ll&esia,  which  has  no  effect  on  albumen.  So  fibrio,  which  is  naturally 
Ittid,  and  which  remains  fluid  so  long  as  it  is  circulating  in  the 
Vessels,  coagulates  when  it  is  withdrawn  from  them  and  brought  in 
:>ntaet  with  unnatural  surfaces.  Its  coagulation,  therefore,  is  no 
ftore  "spontaneous,"  properly  speakiug,  than  that  of  any  other 
rganic  substance.  Still  less  does  it  indicate  anything  like  organ- 
ization, or  even  a  commencement  of  it.  On  the  contrary,  In  the 
natural  process  of  nutrition,  fibrin  is  assimilated  by  the  tissues 
and  takes  part  in  their  organization,  only  when  it  is  absorbed  by 
them  from  the  bloodvessels  in  a  fluid  form.  As  soon  as  it  is  once 
coagulated  by  any  means,  it  passes  into  an  unnatural  condition,  and 
must  be  again  liquefied  and  absorbed  into  the  blood  before  it  can 
be  assimilated. 

As  the  fibrin,  therefore,  is  maintained  in  its  natural  condition  of 
fluidity  by  the  movement  of  the  circulating  blood  in  the  interior  of 
the  vessels,  anything  which  interferes  with  this  circulation  will  in- 
duce its  coagulation.     If  a  ligature  be  placed  upon  an  artery  in  the 
living  subject^  the  blood  which  stagnates  above  the  ligature  coagu- 
lates, just  as  it  would  do  if  entirely  removed  from  the  circulation. 
If  the  vessel  be  ruptured  or  lacerated,  the  blood  which  escapes  from 
it  into  the  areolar  tissue  coagulates,  because  here  also  it  is  with- 
drawn frt^m  the  circulation.     It  coagulates  also  in  the  interior  of 
A«  Teasels  after  death  owing  to  the  same  cause,  vi^ :  stoppage  of 
Ae  circulation.    During  the  last  moments  of  life,  w^hen  the  flow  of  * 
Wood  through  the  cavities  of  the  heart  is  impeded,  the  fibrin  often 
ooagriktes,  in  greater  or  less  abundance,  upon  the  moving  chordas 
^iaeae  and  the  edges  of  the  valves,  just  as  it  would  do  if  with- 
i^wn  from  the  body  and  stirred  with  a  bundle  of  twigs.     In  every 
Jiwiancc,  the  coagulation  of  the  fibrin  is  a  morbid  phenomenon,  de- 
peadeut  on  the  cessation  or  disturbance  of  the  circulation. 
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Fig*  ee. 


Vortiul    B«iMioD  of   ft   Rb- 

the    gr«iit«r    ftccmnnliitloa   of 
1>lood«glabale»  ftt  the  boUom. 


If  the  blood  be  allowed  to  coagulate  in  a  bowl,  and  the  clot  be 

tlien  divided  by  a  vertical  sectioo,  it  will  be  seen  that  its  lower 

portion  is  softer  and  of  a  deeper  red  than  the  upper.    (Fig.  66.) 

This  is  because  the  globules^  which  are  of 

greater  specific  gravity  than  the  plasma,  aiak 

"^  J^    toward  the  bottom  of  the  vessel  before  co«gu- 

\^^^^^^^m\      latioD  takes  place,  and  accumulate  in  the 

I^^^^^^B  I       lower  portion  of  the  blood.     This  deposit  of 

l^^^^^^Vi       the  globules,  however,  is  only  partial;  be- 

\^^^^P^        cause  they  are  soon  fixed  and  entangled  by 

J         ^1  the  solid  mass  of  the  coagnlum,  and  are  thus 

retained  in  the  position  in  which  they  \%^ 

pen  to  Ix^  at  the  moment  that  coagulation 

takes  place. 

If  the  coagulation,  however,  be  dekjrf 
longer  than  usual,  or  if  the  globules  sink  more  rapidly  than  is  ens- 
tomary.  they  will  have  time  to  subside  entirely  from  the  upper  por- 
tion of  the  blood,  leaving  a  layer  at  the  surface  which  is  oompoeed 
of  plasma  alone.  When  coagulation  then  takes  place,  this  upper 
portion  solidifies  at  the  same  time  w^ith  the  rest,  and  the  clot  th«ii 
presents  two  different  portions,  viz.,  a  lower  portion  of  a  dark  red 
color,  in  which  the  globules  are  accumulated,  and  an  upper  portion 
from  which  the  globules  have  subsided,  and  which  is  of  a  grajiib 
white  color  and  partially  transparent.  This  whitish  layer  on  ibfl 
surface  of  the  clot  is  termed  the  "  buffy  coat ;"  and  the  bli)od  pr^ 
senting  it  is  said  to  be  *'  buffed  "  It  is  an  appearance  which  oftro 
presents  itself  in  cases  of  acute  inflammatory  disease,  in  which  thd 
coagulation  of  the  blood  is  unusually  retarded. 

When  a  clot  with  a  buffy  coat  begins  to  contract,  the  contrafl- 


Fig.  67. 


tion  takes  place  perfectly  well  in  its  upp^f 
portion,  but  in  the  lower  part  it  is  im; 
by  the  presence  of  the  globules  which 
accumulated  in  large  quantity  at  the  bottom 
of  the  clot.  While  the  lower  part  of  the 
coagulum,  therefore,  remains  voluminous^ 
and  hardly  separates  from  the  sides  of  tto' 
vessel,  its  upper  colorless  portion  diminidui 
very  much  in  size ;  and  as  its  edares  separal 
•howiDff  th«  fiioi  from  the  sides  of  the  vessel,  they  curl 
toward  each  other,  so  that  the  upper  sur 
of  the  clot  becomes  more  or  less  excavated  or  cup-shaped.  (Fig.  67.1 


Bowl 
btilllBd  Aod  cupped 
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Seblood  is  then  said  to  be  "buffed  and  cupped"  These  appear- 
i  do  not  present  themselves  under  ordinary  conditions,  but  only 
ken  the  blood  has  become  altered  by  disease. 


The  entire  quantity  of  blood  existing  in  the  body  has  never  been 
very  accurately  ascertained.  It  is  not  possible  to  extract  the  whole 
■  it  by  opening  the  large  vessels,  since  a  certain  portion  will  always 
remain  in  the  cavities  of  the  heart,  in  the  veins,  and  in  the  capil- 
^ies  of  the  head  and  abdominal  organs.  The  other  methods 
^dch  have  been  practised  or  proposed  from  time  to  time  are  all 
liable  to  some  practical  objection.  We  have  accordingly  only 
3U  able  thus  fiir  to  ascertain  the  minimum  quantity  of  blood 
sting  in  the  body.  Weber  and  Lehmann*  ascertained  as  nearly 
possible  the  quantity  of  blood  in  two  criminals  who  suffered 
ath  by  decapitation ;  in  both  of  which  cases  they  obtained  essen- 
lly  similar  results.  The  body  weighed  before  decapitation  133 
Innds  avoirdupois.  The  blood  which  escaped  from  the  vessels  at 
time  of  decapitation  amounted  to  12.27  pounds.  In  order  to 
timate  the  quantity  of  blood  which  remained  in  the  vessels,  the 
erimenters  then  injected  the  arteries  of  the  head  and  trunk  with 
kter,  collected  the  watery  fluid  as  it  escaped  from  the  veins^  and 
ined  how  much  solid  matter  it  held  in  solution.  This 
runted  to  477,22  grains,  which  corresponded  to  4.38  pounds  of 
The  result  of  the  experiment  is  therefore  as  follows  :— 


BIckkI  wliicb  fide^ptfd  froiii  the  vesst'lft 
"  remained  in  the  body 


12.27  poanda. 


f  Wholti  qoiuitit^  of  blood  iu  the  UTtng  Uodj,  16.65 

The  weight  of  the  blood,  then,  in  proportion  to  the  entire  weight 
'  the  body^  was  as  1  :  8 ;  and  the  body  of  a  healthy  man,  weighing 
pounds,  will   therefore   contain  on  the  average  at  least  17J 
mds  of  blood. 

>  Fb J  Biological  Chemistry,  voU  L  p.  63S. 
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The  blood  as  it  circulates  in  tlie  arterial  Bj'stem  has  a  bright 
scarlet  color ;  but  as  it  passes  tbrougli  the  capillaries  it  graduAlly 
becomes  darker^  aud  on  its  arrival  in  the  veins  its  color  is  a  deep 
purple^  and  in  some  parts  of  the  body  nearly  blank.  There  are^ 
therefore,  two  kinds  of  blood  in  the  body ;  arterial  blood,  vhich  is 
of  a  bright  color,  and  venous  blood,  which  is  dark.  Now  it  is  foood 
that  the  dark-colored  venous  blood,  which  has  been  contaminaled 
by  passing  through  the  capillaries,  is  unfit  for  further  circulation. 
It  is  incapable,  in  this  state,  of  supplying  the  organs  with  their 
healthy  stimulus  and  nutrition,  and  has  become,  on  the  contrary. 
deleterious  and  poisonous.  It  is  accordingly  carried  back  to  dw 
heart  by  the  veins,  and  thence  sent  to  the  lungs,  where  it  is  recoQ- 
verted  into  arterial  blood.  The  process  by  which  the  venous  blood 
is  thus  arterialized  and  renovated,  is  known  as  the  proceas  of 
respiration. 

This  process  takes  place  very  actively  in  the  higher  animals»  aod 
probably  does  so  to  a  greater  or  less  extent  in  all  animals  without 
exception.     Its  essential  conditions  are  that  the  circulating  fluid 
should  be  exposed  to  the  influence  of  atmospheric  air,  or  of  an  , 
aerated  fluid ;  that  is,  of  a  fluid  holding  atmospheric  air  or  oxygen 
in  solution.      The  respiratory  apparatus  consists  essentially  of  a  j 
moist  and  permeable  animal  membrane,  the  respiratory  membrane^  i 
with  the  bloodvessels  on  one  side  of  it,  and  the  air  or  aerated  fluid  I 
on  the  other.     The  blood  and  the  air,  consequently,  do  not  come  in  j 
direct  contact  with  each  other,  but  absorption  and  exhalation  take 
place  from  one  to  the  other  through  the  thin  membrane  which  lies 
between. 

The  special  anatomical  arrangement  of  the  respiratory  apparatua^ 
differs  in  different  species  of  animals.  In  most  of  those  inhabiting] 
the  water,  the  respiratory  organs  have  the  form  of  gtUs  or  hranchim;\ 
that  is,  delicate  filamentous  prolongations   of  some  part  of  ihej 
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integumeBt  or  mncous  membranes,  wbich  contain   an  abondant 
supply  of  bloodvesseU,  and  which  hang  oat  freely  into  the  sur- 
rounding water.    In  many  kinds  of  aquatic  lizards,  as.  for  exam- 
ple, in  mefiobranchns  (Fig,  68), 
there  are  upon  each  side  of  the  ^' 

neck  three  delicate  feathery 
tufts  of  thread-like  prolonga- 
tiODs  from  the  mucous  mem- 
brane of  the  pharynx,  which 
pass  out  through  fissures  in 
the  side  of  the  neck.  Each 
tuft;  is  composed  of  a  prin- 
cipal stem,  upon  which  the 
filaments  are  arranged  in  a 
pinnated  form,  like  the  plume  upon  the  shaft  of  a  feather.  Each 
filament,  when  examined  by  itself,  is  seen  to  consist  of  a  thin,  rib- 
bon-shaped fold  of  mucous  membrane,  in  the  interior  of  which 
there  is  a  plentiful  network  of  minute  bloodvessels.  The  dark 
blood,  as  it  comes  into  the  filament  from  the  branchial  artery,  is 
exposed  to  the  influence  of  the  water  in  which  the  filament  is 
bathed,  and  as  it  circulates  through  the  capillary  network  of  the 
gills  is  reconverted  into  arterial  blood.  It  is  then  carried  away  by 
the  branchial  vein,  and  passes  into  the  general  current  of  the  cir- 
culation. The  apparatus  is  further  supplied  with  a  cartilaginous 
framework,  and  a  set  of  muscles  by  which  the  gills  are  gently  waved 
about  in  the  surrounding  water,  and  constantly  brought  into  con- 
tact with  fresh  portions  of  the  aerated  fluid. 

Most  of  the  aquatic  animals  breathe  by  gills  similar  in  all  their 
esential  characters  to  those  described  above.  In  terrestrial  and 
air-breathing  animals^  however,  the  respiratory  apparatus  is  situated 
bternally.  In  them,  the  air  is  made  to  penetrate  into  the  interior 
of  the  body,  into  certain  cavities  or  sacs  called  the  lungs,  which 
we  lined  with  a  vascular  mucous  membrane.  In  the  salamanders, 
for  example,  which,  though  aquatic  in  their  habits,  are  air-breathing 
^mals,  the  lungs  are  two  long  cylindrical  sacs,  running  nearly  the 
entile  length  of  the  body,  commencing  anteriorly  by  a  communi- 
cation with  the  pharynx,  and  terminating  by  rounded  extremities 
^  the  posterior  part  of  the  abdomen.  These  lungs,  or  air-sacs, 
li^ve  a  smooth  internal  surface ;  and  the  blood  which  circulates 
latough  their  vessels  is  arterialized  by  exposure  to  the  air  contained 
^  their  cavities.    The  air  is  forced  into  the  lungs  by  a  kind  of 
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swallowing  movementi  and  is  after  a  time  regnrgitated  and  dis- 
charged,  ia  order  to  make  room  for  a  fresh  supply. 

In  frogs,  turtles,  serpents,  &c.,  the  structura  of  the  luog  is  a 
little  more  complicated,  since  respiration  ia  more  active  in  these 
animals,  and  a  more  perfect  organ  is  requisite  to  accomplish  thafl 
arterializatioa  of  the  blood.  In  these  animals,  the  cavity  of  the" 
lung,  instead  of  being  simple,  is  divided  by  incomplete  partitions 
into  a  number  of  smaller  cavities  or  '*  cells."  The  cells  all  commu- 
nicate with  the  central  pulmonary  cavity ;  and  the  partitions^  which 
join  each  other  at  various  angles,  are  all  composed  of  thin,  pro- 
jecting folds  of  the  lining  membrane,  with  bloodvessels  ramifying 
between  them,  (Fig,  69.)  By  this  arrangement, 
Fig,  69,  ^^^  extent  of  surface  presented  to  the  air  by  the 

pulmonary  membrane  is  much  increased,  and  tbefl 
arterialization  of  the  blood  takes  place  with  a 
corresponding  degree  of  rapidity. 

In  the  human  subject,  and  in  all  the  warm- 
blooded quadrupeds,  the  lungs  are  constructed 
on  a  plan  which  is  essentially  similar  to  the 
above,  and  which  differs  from  it  only  in  the 
greater  extent  to  which  the  pulmonary  cavity  iaj 
subdivided,  and  the  surface  of  the  respiratory 
membrane^  increased.  The  respiratory  apparatus 
(Fig,  70)  commences  with  the  larynx,  which.! 
communicates  with  the  pharjmx  at  the  upper  part  of  the  neck.] 
Then  follows  the  trachea,  a  membranous  tube  with  cartilaginousj 
rings ;  which,  upon  its  entrance  into  the  chest,  divides  into  the  right  1 
and  left  bronchus.  These  again  divide  successively  into  secondaryj 
and  tertiary  bronchi ;  the  subdivision  continuing,  while  the  bron^ 
chial  tubes  grow  smaller  and  more  numerous,  and  separate  con- 
stantly from  each  other.  As  they  diminish  in  size,  the  tubes  gro^  j 
more  delicate  in  structure,  and  the  cartilaginous  rings  and  plateai 
disappear  from  their  walls.  They  are  finally  reduced,  according  to 
Kulliker,  to  the  size  of  g'y  of  an  inch  in  diameter;  and  are  com- 
posed only  of  a  thin  mucous  membrane,  lined  with  pavement  epi- 
thelium, which  rests  upon  an  elastic  fibrous  layer.  They  are  then  ^ 
known  as  the  "  ultimate  bronchial  tubes,"  ■ 

Each  ultimate  bronchial  tube  terminates  in  a  division  or  islet  of 
the  pulmonary  tissue,  about  j»j  of  an  inch  in  diameter,  which  ia^ 
termed  a  "pulmonary  lobule.'*    Each  pulmonary  lobule  resembles^ 
>n  its  structure  the  entire  frog's  lung  in  miniature.    It  consists  of  a 
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liar  membrane  inclosing  a  cavity;  wbicb  cavity  is  dividetl 
I  mio  a  large  number  of  secondary  compartments  by  tbin  septa  or 
^Bbartitaona,  which  project  from  its  iuternal  surface,  (Fig.  71.)  These 
^Hupodary  cavities  are  the  "pulmonary 
^Hn"  or  '*  vesicles*"  Each  vesicle  h  about 
^mts  of  an  inch  in  diameter ;  and  is  covered 
^«^  its  exterior  with  a  close  network  of  ca-* 
^^pillary  bloodvessels,  which  dip  down  into 
^Bbe  spaces  between  the  adjacent  vesicles,  and 
^^expose  in  this  way  a  double  surface  to  the 
,air  which  is  contained  in  their  cavities. 
tvreen  the  vesicles,  and  in  the  interstices 
etW6eD  the  lobules,  there  is  a  large  quan- 
^y  of  yellow  elastic  tissue,  w^hich  gives 
irmness  and  resiliency  to  the  pulmonary 
t  ni  ctu  re.    The  pid  monary  vesi  cl  es,  accord  - 

Jng  to  the  observations  of  Kolliker,  are    ^!7LX,i''rm*m»t'bra«; 
ined  evervwhere  with  a  laver  of  pavement    c^^**^  *»^    *-  carujr  of  itibou, 

.,,.*'  .  ^11  -  1  Cf^iC*  PuliuotiftfY  evllH,  or  tobL- 

3ithehum,  continuous   with  that  in   the    ei«i. 
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ultimate  bronchial  tubes*  The  whole  extent  of  respiratory  sur- 
face in  both  luog3  has  been  calculated  by  Lieberkiiho'  at  fourteen 
hundred  square  feet.  It  is  plainly  impossible  to  make  a  precisely 
accurate  calculation  of  this  extent;  but  there  is  every  reason  to 
believe  that  the  estimate  adopted  by  Lieberkiihn,  regarded  as 
approximative,  is  not  by  any  means  an  exaggerated  one.  The 
great  multiplication  of  the  minute  pulmonary  vesicles,  and  of  the 
partitions  between  them,  must  evidently  increase  to  an  extraor- 
dinary degree  the  extent  of  surface  over  which  the  blood,  spread 
out  in  a  thin  layer,  is  exposed  to  the  action  of  the  air.  These 
anatomical  conditions  are,  therefore,  the  most  favorable  for  its  rapid 
and  complete  arterialization. 

Eespiratory  Mot^ments  of  the  Chest, — ^The  air  which  is  con- 
tained in  the  pulmonary  lobules  and  vesicles  becomes  rapidly  vitiated 
in  the  process  of  respiration,  and  requires  therefore  to  be  expelled 
and  replaced  by  a  fresh  supply.  This  exchange  or  renovation  of 
the  air  is  effected  by  alternat^i  movements  of  the  chest,  of  expansion 
and  collapse^  which  are  termed  the  **  respiratory  movements  of  the 
chest."  The  expansion  of  the  chest  is  effected  by  two  sets  of  mus- 
cles, vi2»,  first,  the  diaphragm,  and,  second,  the  intercostals.  While 
the  diaphragm  is  in  a  state  of  relaxation,  it  has  the  form  of  a  vaulted 
partition  between  the  thorax  and  abdomen,  the  edges  of  which  are 
attached  to  the  inferior  extremity  of  the  sternnm,  the  inferior 
costal  cartilages,  the  borders  of  the  lower  ribs  and  the  bodies  of 
the  lumbar  vertebrae,  while  its  convexity  rises  high  into  the  cavity 
of  the  chest,  as  far  aa  the  level  of  the  fifth  rib.  When  the  fibres 
of  the  diaphragm  contract,  their  curvature  is  necessarily  dimi- 
nished ;  and  they  approitimatc  a  straight  line,  exactly  in  proportion 
to  the  extent  of  their  contraction.  Consequently,  the  entire  con- 
vexity of  the  diaphragm  is  diminished  in  the  same  proportion^ 
and  it  descends  toward  the  abdomen,  enlarging  the  cavity  of  the 
chest  from  above  downward.  (Fig.  72.)  At  the  same  time  the  inter- 
costal muscles  enlarge  it  in  a  lateral  direction.  For  the  ribs,  arti- 
culated behind  with  the  bodies  of  the  vertebree,  and  joined  in  front 
to  the  sternum  by  the  flexible  and  elastic  costal  cartilages,  are  so 
arranged  that,  in  a  position  of  rost^  their  convexities  look  obliquely 
outward  and  downward.  When  the  movement  of  inspiration  is 
about  to  commejice,  the  first  rib  is  fixed  by  the  contraction  of  the 
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leni  muscles,  and  the  intercostal  masclea  then  contracting  simul- 
iieously»  the  ribs  are  drawn  up>v^ard.     In  this  movement^  as  each 

rotates  upon  its  articulation  with  the 
inal  column  at  one  extremity,  and  w*ith 
sternum  at  the  other,  its  convexity  is 
cessarily  carried  outward  at  the  same 
ae  that  it  is  drawn  upward,  and  the  pa- 
Btes  of  the  chest  are,  therefore,  expanded 
erally.  The  sternum  itself  rises  slightly 
with  the  same  movement,  and  enlarges  to 
some  extent  the  antero-posterior  diameter 
of  the  thorax.  By  the  simultaneous  action, 
^erefore,  of  the  diaphragm  which  descends, 
Hid  of  the  intercostal  muscles  which  lift 
the  ribs  and  the  sternum,  the  cavity  of  the 
ehe«t  13  expanded  in  every  direction,  and 
the  air  passes  inward,  through  the  trachea 
and  bronchial  tubes,  by  the  simple  force  of 
aspiration. 

After  the  movement  of  inspiration  is  ac- 
iplished,  and  the  lungs  are  filled  with 
r,  the  diaphragm  and  intercostal  muscles 
lax,  and  a  movement  of  expiration  takes 
se,  by  which  the  chest  is  partially  col- 
psed,  and  a  portion  of  the  air  contained 
the  pulmonary  cavity  expelled.  The 
Dvement  of  expiration  is  entirely  a  passive 
e,  and  is  accomplished  by  the  action  of 
>  different  forces.  First,  the  abdominal 
organs,  which  have  been  pushed  out  of  their 
usual  position  by  the  descent  of  the  diaphragm,  fall  backward  by 
their  own  weight  and  carry  upward  the  relaxed  diaphragm  before 
em.  Secondly,  the  costal  cartilages,  which  are  slightly  twisted 
of  shape  when  the  ribs  are  drawn  upward,  resume  their  natural 
sition  as  soon  as  the  muscles  are  relaxed,  and,  drawing  the  ribs 
mn  again,  compress  the  sides  of  the  chest.  Thirdly,  the  pul- 
monary tissue,  as  we  have  already  remarked,  is  abundantly  sup- 
ied  with  yellow  elastic  fibres,  which  retract  by  virtue  of  their 
elasticity,  in  every  part  of  the  lungs,  after  they  have  been 
rcibly  distended,  and,  compressing  the  pulmonary  vesicles,  drive 
kt  a  portion  of  the  air  which  they  contained.    By  the  constant 
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recurrence  of  these  alternating  movements  of  inspiration  and  cxpi 
ration,  fresh  portions  of  air  are  constantly  introduced   into  and 
expelled  from  the  chest. 

The  average  quantity  of  atmospheric  air,  taken  into  and  dis- 
charged from  the  lungs  with  each  respiratory  movement,  is,  ac-, 
cording  to  the  results  of  various  observers,  twenty  cubic  inches.  At 
eighteen  respirations  per  minute,  this  amounts  to  360  cubic  inclvM 
of  air  inspired  per  minute,  21,600  cubic  inches  per  hour,  and  6184*)0 
cubic  inches  per  day.  But  as  the  movements  of  respiration  are 
increased  both  in  extent  and  rapidity  by  every  muscular  exertion, 
the  entire  quantity  of  air  daily  used  in  respiration  is  not  less  than 
600,000  cubic  inches,  or  350  cubic  feet 

The  whole  of  the  air  in  the  chest,  however,  is  not  changed  at  eadi 
movement  of  respiration.  On  the  contrary,  a  very  considerable 
quantity  remains  iu  the  pulmonary  cavity  after  the  most  complete 
expiration ;  and  even  after  the  lungs  have  been  removed  from  the 
chest,  they  still  contain  a  large  quantity  of  air  which  cannot  he  * 
entirely  displaced  by  any  violence  short  of  disintegrating  and  dis- 
organizing the  pulmonary  tissue.  It  is  evident,  therefore,  that  only 
a  comparatively  small  portion  of  the  air  in  the  lungs  passes  in  and 
out  with  each  respiratory  movement;  and  it  will  r^uire  several 
successive  respirations  before  all  the  air  in  the  chest  can  be  entirely 
changed.  It  has  not  been  possible  to  ascertain  with  certainty  the 
exact  proportion  in  volume  which  exists  between  the  air  which  b 
alternately  inspired  and  expired,  or  "tidaV  air,  and  that  which 
remains  constantly  in  the  chest,  or  "reaiduar*  air,  as  it  is  called. 
It  has  been  estimated^  however,  by  Dr.  Carpenter,*  from  the  reports 
of  various  observers,  that  the  volume  of  inspired  and  expired  air 
varies  from  10  to  18  per  cent  of  the  entire  quantity  contained  io 
the  chest  If  this  estimate  be  correct,  it  will  require  from  eight  10 
ten  respirations  to  change  the  whole  quantity  of  air  in  the  cavity 
of  the  chest. 

It  is  evident^  however,  from  the  foregoing,  that  the  inspiratory 
and  expiratory  movements  of  the  chest  cannot  be  sufficient  to 
change  the  air  at  all  in  the  pulmonary  lobules  and  vesicles.  The 
air  which  is  drawn  in  with  each  inspiration  penetrates  only  into 
the  trachea  and  bronchial  tubes,  until  it  occupies  the  place  of  that 
which  was  driven  out  by  the  last  expiration.  By  the  ordinary 
respiratory  movements,  therefore,  only  that  small  portion  of  the 

■  Haman  Phjsiologj,  Pliilftda.  ed.,  1655,  p.  300. 
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lying  nearest  the  exterior,  in  the  trachea  and  Urge  bronchi, 
uld  fluctuate  backward  and  forward,  without  ever  penetrating 
the  deeper  parts  of  the  lung,  were  there  no  other  means  pro* 
ed  for  its  renovation.  There  are,  however,  two  other  forces  in 
play  for  this  purpose.  The  first  of  these  is  the  diffusive  power  of 
the  gases  themselves.  The  air  remaining  in  the  deeper  parts  of 
the  chest  is  richer  in  carbonic  acid  and  poorer  in  oxygen  than  that 
fchich  has  been  recently  inspired ;  and  by  the  laws  of  gaseous  dif- 
^sion  there  must  be  a  constant  interchange  of  these  gases  between 
the  pulmonary  vesicles  and  the  trachea,  tending  to  mix  them 
equally  in  all  parts  of  the  lung.  This  mutual  diflFusion  and  inter- 
mixture of  the  gases  will  therefore  tend  to  renovate,  partially  at 
least,  the  air  in  the  pulmonary  lobules  and  vesicles.  Secondly,  the 
trachea  and  bronchial  lubes,  do^^i  to  those  even  of  the  smallest 
size,  are  lined  with  a  mucous  membrane  which  is  covered  with 
ciliated  epithelium.  The  movement  of  those  cilia  is  found  to  be 
directed  always  from  below  upward;  and,  like  ciliary  motion 
wherever  it  occurs,  it  has  the  effect  of  producing  a  current  in  the 
e  direction,  in  the  fluids  covering  the  mucous  membrane.  The 
in  the  tubes  must  partici* 
to   a  certain  extent,  in  FU,  78. 

current    and    a    double 
L  of  air  therefore  is  estab- 
bed  in  each  bronchial  tube ; 
^ne  current  passing  from  with- 

t outward  along  the  walls  of 
I  tube,  and  a  return  current 
Bing  from  without  inward, 
ng  the  central  part  of  its 
cavity.      (Fig.   73.)      By  this 

^eana  a  kind  of  aerial  circulation  is  constantly  maintained  in  the 

^merior  of  the  bronchial  tubes ;  which,  combined  with  the  mutual 

diiTusioQ  of  the  gases  and  the  alternate  expansion  and  collapse  of 

ts  chesty  effectually  accomplishes  the  renovation  of  the  air  contained 
all  parts  of  the  pulmonary  cavity. 

Respiratory  Movements  of  the  Glottis.— Beside  the  move 
ments  of  expansion  and  collapse  already  described,  belonging  to 
the  chest,  there  are  similar  respiratory  movements  which  take  place 
in  the  larynx.     If  the  respiratory  passages  be* examined  aft«r  death, 
in  tbe  stale  of  collapse  in  which  they  are  usually  found,  it  will  be 
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noticed  that  the  opening  of  the  glottis  is  very  much  smaller 
the  cavity  of  the  trachea  below.    The  glottis  itself  presents 
appearance  of  a  narrow  chink,  while  the  passage  for  the  inspir-^ 
air  widens  in  the  lower  part  of  the  larynx,  and   in  the  tracli^ 
constitutes  a  spacious  tube,  nearly  cylindrical  in  shape,  and  over  J 
half  an  inch  in  diameter.     We  have  found,  for  instance,  dmt  fa  J 
the  human  subject  the  space  included  between  the  vocal  choitfa 
has  an  area  of  only  0.15  to  0.17  square  inch;   while  the  calibf^ 
of  the  trachea  in  the  middle  of  its  length  is  0.45  square  iiici. 
This  disproportion,  however,  which  is  so  evident  after  death,  does 
not  exist  during  life.     While  respiration  is  going  on,  thert  is  a 
constant  and  regular  movement  of  the  vocal  chords,  synchronous 
with  the  inspiratory  and  expiratory  movements  of  the  chest  bT 
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which  the  size  of  the  glottis  is  alternately  enlarged  and  diminished 
At  every  inspiration,  the  glottis  opens  and  allows  the  air  to  p»8S 
freely  into  the  trachea ;  at  every  expiration  it  collapses,  and  the 
air  is  driven  out  through  it  from  below.  These  movements  are 
called  the  *'  respiratory  movements  of  the  glottis.**  They  correspond 
in  every  respect  with  those  of  the  chest,  and  are  excited  or  retarded 
by  similar  causes,  AVhenever  the  general  movements  of  re^ipiration 
are  hurried  and  labored,  those  of  the  glottis  become  accelerated  and 
increased  in  intensity  at  the  same  time ;  and  when  the  movements 
of  the  chest  are  slower  or  fainter  than  usual,  owing  to  debility, 
coma,  or  the  like,  those  of  the  glottis  are  diminished  in  the  same 
proportion. 
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In  the  respiratory  motions  of  the  glottis,  aa  in  those  of  the  chest, 
the  movement  of  inspiration  is  an  active  one,  and  that  of  expira- 
tion passive.  In  inspiration,  the  glottis 
is  opened  by  contraction  of  the  posterior 
crico-arytenoid  muscles.  (Fig*  T6.) 
Tht^e  muscles  originate  from  the  pos- 
terior surface  of  the  cricoid  cartihige, 
near  the  median  line ;  and  their  fibres, 
running  upward  and  outward,  are  in* 
fierted  into  the  external  angle  of  the 
arytenoid  cartilages.  By  the  contrac- 
tion of  these  muscles,  during  the  move- 
ment of  inspiration,  the  arytenoid  car- 
tilages are  rotated  upon  their  articula- 
tions with  the  cricoid,  so  that  their 
anterior  extremities  are  carried  outward, 
and  the  vocal  chords  stretched  and  sepa- 
rate from  each  other.  (Fig.  75.)  In  this 
way,  the  size  of  the  glottis  may  be  in- 
creased from  0.15  to  0.27  square  inch. 

In  expiration,   the   posterior    crico- 
arytenoid muscles  are  relaxed,  and  the  elasticity  of  the  vocal  chorda 
brings  them  back  to  their  former  position. 

The  motions  of  respiration  consist,  therefore,  of  two  sets  of  move- 

ata :  viz.,  those  of  the  chest  and  those  dt  the  glottis.  These  mo ve- 
'  inenta,  in  the  natural  condition,  correspond  with  each  other  both  in 
time  and  intensity.  It  is  at  the  same  time  and  by  the  same  nervous 
influence,  that  the  chest  expands  to  inhale  the  air,  while  the  glottis 
opens  t-o  admit  it ;  aud  in  expiration,  the  muscles  of  both  chest  and 
glottis  are  relaxed;  while  the  elasticity  of  the  tissues,  by  a  kind  of 
poaaiye  contraction,  restores  the  paila  to  their  original  condition. 

Changes  in  toe  Air  durixo 'Respiration. — The  atmospheric 
air,  as  it  is  drawn  into  the  cavity  of  the  lungs,  is  a  mixture  of  oxy- 
gen and  nitrogen,  in  the  proportion  of  about  21  per  cent.,  by  volume, 
of  oxygen,  to  79  per  cent,  of  nitrogen.  It  also  contnins  about  one- 
twentieth  per  cent,  of  carbonic  acid,  a  varying  quantity  of  watery 
vapor,  and  some  traces  of  ammonia.  The  last  named  ingredients, 
however,  are  quite  insignificant  in  comparison  with  the  oxygen  and 
nitrogen,  which  form  the  principal  parts  of  its  mass. 

If  colleeted  and  examined,  after  passing  through  the  lungs,  the 
15 
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air  is  found  to  liave  become  altered  in  tlie  following  essential  par- 
ticulars, viz : — 

1st,  It  has  lost  oxygen^ 

^d.  It  has  gained  carbonic  acid.     And 

3d.  It  has  absorbed  the  vapor  of  water. 

Beside  the  two  latter  substances,  there  are  also  exhaled  with  tli« 
expired  air  a  very  small  quantity  of  nitrogen,  over  and  above  wbt 
was  taken  in  with  inspiration,  and  a  little  animal  matter  in  a 
gaseous  form,  which  communicates  a  slight  but  peculiar  odor  to 
the  breath.  The  air  is  also  somewhat  elevated  in  temperature,  hj 
contact  with  the  pulmonary  mucous  membrane. 

The  watery  vapor,  which  is  exhaled  with  the  breath,  is  given  off 
by  the  pulmonary  mucous  membrane,  by  which  it  is  absorhed  (torn 
the  blood.  At  ordinary  temperatures  it  ia  traosparent  and  invisi- 
ble ;  but  in  cold  weather  it  becomes  partly  condensed,  on  lea\ing 
the  lungs,  and  appears  under  the  form  of  a  cloudy  vai>or  discbarged 
with  the  breath.  According  to  the  researches  of  Valentin,  the 
average  quantity  of  water,  exhaled  daily  from  the  lttngs»  is  8100 
grains,  or  about  IJ  pounds  avoirdupois, 

A  more  important  change,  however,  suffered  by  the  air  in  respi- 
ration, consists  in  its  loss  of  oxygen,  and  its  absorption  of  carbonio 
acid. 

According  to  the  researches  of  Valentin,  Vierordt,  Regnault  and 
Heiaet,  &o.,  the  air  loses  during  respiration,  on  an  average,  five  per 
cent,  of  its  volume  of  o^^ygen.  At  each  inspiration,  therefore, 
about  one  cubic  inch  of  oxygen  is  removed  from  the  air  and  ab* 
fiorhed  by  the  blood ;  and  as  we  have  seen  that  the  entire  daily 
quantity  of  air  used  in  respiration  is  about  350  cubic  feet,  the  entire 
quantity  of  oxygen  thus  consumed  in  twenty-four  hours  is  not  less 
than  seventeen  and  a  half  cubic  feet  This  is,  by  weighty  7.134 
grains,  or  a  little  over  one  pound  avoirdupois. 

The  oxygen  which  thus  disappears  from  the  inspired  air  is  not 
entirely  replaced  in  tlie  carbonic  acid  exhaled ;  that  is*  there  is  less 
oxygen  in  the  carbonic  acid  which  is  returned  to  the  air  by  expira* 
tion  than  has  been  lost  during  inspiration. 

There  is  even  more  oxygen  absorbed  than  ia  given  off  again  ia 
both  the  carbonic  acid  and  aqueous  vapor  together,  which  are 
exhaled  from  the  lungs.*  There  is,  then,  a  constant  disappeamnce 
of  oxygen  from  the  air  used  in  respiration,  and  a  constant  accumu* 
lation  of  carbonic  acid. 

'  Lehmattn'g  Phy«iologicjil  Chemistry,  Philnda.  ed,,  vol.  IL  p.  4r*2, 
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Tbe  proportion  of  oxygen  wliich  rJisappears  in  the  interior  of  the 
body,  over  and  above  that  which  is  returneJ  in  the  breath  nnder 
lie  rorm  of  carbonic  acid,  varies  in  diflerent  kinds  of  animals.     In 
be  herbivora,  it  is  about  10  per  cent*  of  the  whole  amount  of  oxy- 
en  inspired ;  in  the  camivora,  20  or  25  per  cent,  and  even  more. 
is  a  very  remarkable  fact,  also,  and  an  important  one,  as  regards 
be  theory  of  respiration,  that,  in  the  same  animal,  the  proportion  of 
bxygea  absorbed,  to  that  of  carbonic  acid  exhaled,  varies  according 
the  quality  of  the  food.     In  dogs,  for  instance,  while  fed  on  ani- 
Qal  food,  according  to  the  experiments  of  Begnault  and  Reiset,  25 
ar  cent  of  the  inspired  oxygen  disappeared  in  the  body  of  the 
limal ;  but  w^hen  fed  on  staxchy  substeinccs,  all  but  8  per  cent, 
eappeared  in  the  expired  carbonic  acid.     It  is  already  evident, 
berefore,  from  these  facts,  that  the  oxygen  of  the  inspired  air  is 
Sjlltogether  employed  in  the  formation  of  carbonic  acid, 
ring  to  the  changes  detailed  above,  the  air  which  is  used  for 
breathing  becomes  rapidly  deteriorated  and  unfit  to  sustain  life, 
foT  as  respiration  goes  on,  the  oxygen  of  the  air  constantly  dimin- 
^bes  and  the  quantity  of  carbonic  acid  increases.   It  has  been  found 
bat,  as  a  general  rule,  the  air  is  entirely  unfit  for  respiration  when 
proportion  of  oxygen  is  reduced  from  21  to  10  per  cent.,*  its 
>mposition  remaining  otherwise  unchanged;    and  on  the  other 
md  it  can  no  longer  sustain  life  when  it  contains  20  per  cent,  of 
irbonic  acid.  Both  these  changes  therefore  combine  to  vitiate  the 
3ired  air,  unless  it  be  constantly  renewed  from  an  external  source. 
Beside  the  carbonic  acid,  however,  a  certain  amount  of  organic 
iter  is  also  exhaled  with  the  breath.     It  is  this  organic  matter  in 
a  vaporous  condition  which  causes  the  heavy  and  oppressive  odor 
1^^  the  atmosphere  of  an  ill -ventilated  apartment,  in  which  many 

i 


arsons  are  breathing  at  the  same  time.    Although  produced  in 


jmparatively  small  quantity,  it  is  probably  one  of  the  most  delete- 
Fious  substances  exhaled  from  the  lungs  in  respiration ;  and,  when 
allowed  to  accumulate  in  the  atmosphere,  gives  rise  to  many  of  the 
injurious  effects  resulting  from  imperfect  ventilation. 

Changes  ik  the  Blood  duking  Respiration,— If  we  pass  from 
the  consideration  of  the  changes  produced  in  the  air  by  respiration 
to  those  which  take  place  in  the  blood  during  the  same  process^  w© 
might  have  been  expected,  that  the  latter  correspond 
iversely  with  the  former.  The  blood,  in  passing  through  the 
lungs,  suffers  the  following  alterations: — 

1st,  Its  color  is  changed  from  venous  to  arterial. 

^  Longet,  Traits  de  Phjatologie,  Var\%,  1850,  vol   i.  p.  600. 
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2d*  It  absorba  oxygon.    And 

3d.  It  exhales  carbonic  acid  and  the  vapor  of  water. 

The  interchange  of  gases,  which  takes  place  during  respiration 
between  the  air  and  the  blood,  is  a  simple  phenomenon  of  absorp* 
lion  and  exhalation.  The  inspired  oxygen  does  not,  as  Lavokef 
once  supposed,  immediately  combine  with  carbon  in  the  lungs,  and 
return  to  the  atmosphere  under  the  form  of  carbonic  acid.  On  the 
contrary,  almost  the  first  fact  of  importance  which  has  been  estab- 
lished by  the  examination  of  the  blood  in  this  respect  b  the  fal- 
lowing,  viz :  that  carbonic  acid  exiMs  ready /ormef.1  in  the  venous  bhod 
he/ore  its  tntraace  into  the  lu?igi :  and^  on  the  other  hand,  that  ik 
oxygen  which  is  absorbed  dnriny  respiration  passes  off  in  a  free  Mt 
with  the  arterial  blood.  The  real  process,  as  it  takes  place  in  the 
lung,  is,  therefore,  for  the  most  part,  as  follows :  The  blood  comes  to 
the  lungs  already  charged  with  carbonic  acid.  In  passing  through 
the  pulmonary  capillaries,  it  is  exposed  to  the  influence  of  the  ^ 
in  the  cavity  of  the  pulmonary  cells»  and  a  transudation  of  gasffl 
takes  place  through  the  moist  animal  membranes  of  the  luug. 
Since  the  blood  in  the  capillaries  contains  a  larger  proportion  of 
arbonic  acid  than  the  air  in  the  air- vesicles,  a  portion  of  this  gaa 
leaves  the  blood  and  passes  out  through  the  pulmonary  membrane; ' 
while  the  oxygen,  being  more  abundant  in  the  air  of  the  vesicles 
than  in  the  circulating  fluid,  passes  inward  at  the  same  time,  and  i»  | 
condensed  by  the  blood. 

In  this  double  phenomenon  of  exhalation  and  absorption,  whieli 
takes  place  in  the  lungs,  both  parts  of  the  process  are  equally  i 
necessary  to  life.     It  is  essential  for  the  constant  activity  and  nulri- 
tioa  of  the  tissues  that  they  be  steadily  supplied  with  oxygen  by  the  I 
blood ;  and  if  this  supply  be  cut  off^  their  functional  activity  i 
On  the  other  hand,  the  carbonic  acid  which  is  produced  in  the  body! 
by  the  processes  of  nutrition  becomes  a  poisonous  substance,  if  iti 
be  allowed  to  collect  in  large  quantity.     Under  ordinary  circum- 
stances, the  carbonic  acid  is  removed  by  exhalation  through  the 
lungs  as  fast  as  it  is  produced  in  the  interior  of  the  body;  but  i 
respiration  be  suspended,  or  seriously  impeded,  since  the  production 
of  carbonic  acid  continues,  while*  its  elimination  is  prevented*  i^ 
accumulates  in  the  blood  and  in  the  tissues,  and  becomes  fatal  by  i 
raj>id  deterioration  of  the  circulating  fluid,  and  by  its  poisoii 
effect  on  the  nervous  system. 

Examination  of  the  blood  shows  furthermore  that  the  intercl 
of  gases  in  the  lungs  is  not  complete  but  only  partial  in  its  extent 
It  results  from  the  experiments  of  Magendie,  Magnus^  and  otb^SL 
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Hi  both  oxygen  and  carbonic  acid  are  contained  in  both  venons 
arterial  blood*  Magnus*  found  that  the  proportion  of  oxygen 
carbonic  acid,  by  volume,  in  arterial  blood  was  m  10  to  27 ;  in 
aous  blood  as  10  to  40*  The  venous  blood,  tten.  as  it  arrives  at 
inngs,  still  retains  a  remnant  of  the  oxygen  which  it  had  pre- 
jusly  absorbed ;  and  in  passing  through  the  pulmonary  capil- 
•ies  it  gives  off  only  a  part  of  the  carbonic  acid  with  which  it  has 

>me  charged  in  the  general  circulation. 
I  The  oxygen  and  carbonic  acid  of  the  blood  exist  in  a  state  of 
liUioji  in  the  circulating  fluid,  and  not  in  a  state  of  intimate  chemi* 
cal  combination*    This  is  shown  by  the  fact  that  both  of  these 
substances  may  be  withdrawn  from  the  blood  by  simple  exhaustion 

f'th  an  air-pump,  or  by  a  stream  of  any  other  indifferent  gas,  such 
hydrogen,  which  possesses  sufficient  physical  displacing  power, 
Magnus  found'  that  freshly  drawn  arterial  bipod  yielded  by  simple 
agitation  with  carbonic  acid  more  than  10  per  cent,  of  its  volume 
of  oxygen.    The  carbonic  acid  may  also  be  expelled  from  venous 
blood  by  a  current  of  pure  oxygen,  or  of  hydrogen,  or,  in  great 
measnre,  by  simple  agitation  with  atmospheric  air.    There  is  some 
difficulty  in  determining,  however,  whether  the  carbunic  acid  of 
the  blood  be  altogether  in  a  free  state,  or  whether  it  be  partly  in  a 
state  of  loose  chemical  combination  with  a  base,  under  the  form  of 
^a  alkaline  bicarbonate.     A  solution  of  bicarbonate  of  soda  itself 
|bl  lose  a  portion  of  its  carbonic  acid,  and  become  reduced  to  the 
condition  of  a  carbonate  by  simple  exhaustion  under  the  air-pump, 
or  by  agitation  with  pure  hydrogen  at  the  temperature  of  the  body. 
Lehmann  has  found'  that  after  the  expulsion  of  all  the  carbonic 
acid  removable  by  the  air-pump  and  a  current  of  hydrogen,  there 
still  remains,  in  ox^s  blood,  0.1628  per  cent,  of  carbonate  of  soda; 
^jd  he  estimates  that  this  quantity  is  sufficient  to  have  retained  all 
iBe  carbonic  acid,  previously  given  off,  in  the  form  of  a  bicarbonate. 
H  makes  little  or  no  difference,  however,  so  far  as  regards  the  pro- 
Wtss  of  respiration,  whether  the  carbonic  acid  of  the  blood  exist  in 
an  entirely  free  state,  or  under  the  form  of  an  alkaline  bicarbonate ; 
since  it  may  be  readily  removed  from  this  combination,  at  the  tem- 
itore  of  the  body,  by  contact  with  an  indifferent  gas- 

oxvgen  and  carbonic  acid  of  the  blood  are  in  solution  prin* 
in  the  blood-globuks,  and  not  in  the  plasma.     The  researches 

'  In  liphmntin,  op,  cit.,  vol,  \,  p.  r>7'>. 

'  In  RoViin  and  Vord**!!,  op.  cit,,  vol,  il.  p.  34- 

•  Op.  olt.,  vol   I.  p.  393. 
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of  Magnus  have  sIiowb*  that  the  blood  holds  in  solution  2|  times 
as  much  oxygen  as  pure  water  could  dissolve  at  the  same  tempera* 
tare;  and  that  while  the  serum  of  the  blood,  separated  from  the 
globules,  exerts  no  more  solvent  power  on  oxygen  than  puj-e  T^^ater. 
defibrinated  blood,  that  is,  the  serum  and  globules  mixed,  dissolves 
quite  as  much  oxygen  as  the  fresh  blood  it^self.  The  same  thiiigis 
true  with  regard  to  the  carbonic  acid.  It  is  therefore  the  seini* 
fluid  blood-globules  which  retain  these  two  gases  in  solution;  Knd 
since  tlie  color  of  the  blood  depends  entirely  upon  that  of  the  glo- 
bules, it  is  easy  to  understand  why  tlie  blood  should  alter  its  tuc 
from  purple  to  scarlet  in  passing  through  the  luugs,  where  the 
globules  give  up  carbonic  acid,  and  absorb  a  fresh  quantity  of 
oxygen.  The  above  change  may  readily  be  produced  outside  tli€ 
body.  If  freshly  drawn  venous  blood  be  shaken  in  a  bottle  with 
pure  oxygen,  its  color  changes  at  once  from  purple  to  red;  and  the 
same  change  will  take  place,  though  more  slowly,  if  the  blood  be 
simply  agitated  with  atmospheric  air.  It  is  for  this  reason  that  tk 
surface  of  defibrinated  venous  blood,  and  the  external  parts  of  I 
dark-colored  clot,  exposed  to  the  atmosphere,  become  rapidly  red* 
dened,  while  the  internal  portions  retain  their  original  color. 

The  process  of  respiration,  so  far  as  we  have  considered  it,  ccwi' 
sists  in  an  alternate  interchange  of  carbonic  acid  and  oxygen  iatk 
blood  of  the  general  and  pulmonary  circulations.  In  the  pulmonary 
circulation,  carbonic  acid  is  given  off  and  oxygen  absorbed ;  while 
in  the  general  circulation  the  oxygen  gradually  disappears^  and  i5 
replaced,  in  the  venous  blood,  by  carbonic  acid,  l^e  oxygen  which 
thus  disappears  from  the  blood  in  the  general  circulation  doesnOt* 
for  the  most  part,  enter  into  direct  combination  in  the  blood  itselt 
On  the  contrary,  it  exists  there,  as  we  have  already  stated,  in  di« 
form  of  a  simple  solution.  It  is  absorbed,  however,  from  the  blood 
of  the  capillary  vessels,  and  becomes  fixed  in  the  substance  of  tbfi 
vascular  tissues.  The  blood  may  be  regarded,  therefore,  in  thi« 
respect,  as  a  circulating  fluid,  destined  to  trans|K)rt  oxygen  from  tli« 
lungs  to  the  tissues ;  for  it  is  the  tissues  themselves  which  finallf 
appropriate  the  oxygen,  and  fix  it  in  their  substance. 

The  next  important  question  which  presents  itself  in  the  study 
of  the  respiratory  process  relates  to  (he  origin  of  the  carbomc  tmd  in 
the  venous  hJoocL  It  was  formerly  supposed,  when  Lavoisier  fins* 
discovered  the  changes  produced  in  the  air  by  respiration,  that  tlic 
production  of  the  carbonic  acid  could  be  accounted  for  in  a  very 
simple  manner.    It  was  thought  to  be  produced  in  the  lungs  by  * 

*  In  Robiti  and  VanlvW,  op,  ott.,  vol.  iL  p.  28. 
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lirect  union  of  the  inj^pired  oxj^gen  with  the  carbon  of  the  bhxKl 
in  the  pulmonary  vessels.  It  was  found  afterward^  however,  tliut 
lis  could  not  be  the  case ;  since  carbonic  acid  exists  already  formed 
the  blood,  previously  to  its  entrance  into  the  lungs*  It  was  then 
lagined  that  the  oxidation  of  carbon,  and  the  consequent  pmduc- 
>n  of  carbonic  acid,  took  place  in  the  capillaries  of  the  general 
Liulation,  since  it  could  not  be  shown  to  tiike  place  in  the  lungs^ 
>r  between  the  lungs  and  the  capillaries.  The  truth  is,  however» 
bat  no  direct  evidence  exists  of  such  a  direct  oxidation  taking 
lace  anywhere.  The  formation  of  carbonic  acid,  as  it  is  now 
iderstood,  takes  place  in  three  different  modes:  Ist^  in  the  lungs; 
2d,  in  the  blood ;  and  3d,  in  the  tissues. 

First,  171  the  Inngs.     There  exists  in  the  pulmonary  tissue  a  pecu- 
liar acid  substance,  first  described  by  VerdeiP  under  the  name  of 
■p neumic"  or  "  pulmonic"  acid.    It  is  a  crystallizable  body,  soluble 
Bi  water,  which  is  produced  in  the  substance  of  the  pulmonary 
Vssue  by  transformation  of  some  of  its  other  ingredients,  in  the 
same  manner  as  sugar  is  produced  in  the  tissue  of  the  liver.     It  is 

ti  account  of  the  presence  of  this  substance  that  the  fresh  tissue  of 
e  lung  has  usually  an  acid  reaction  to  test-paper,  and  that  it  has 
also  the  property,  which  has  been  noticed  by  several  observers,  of 
decomposing  the  metallic  cyanides,  with  the  production  of  hydro- 
cyanic acid;  a  property  not  possessed  by  sections  of  areolar  tissue, 
the  internal  surface  of  the  skin,  &c.  &c.  When  the  blood,  there- 
fore, comes  in  contact  with  the  pulmonary  tissue,  which  is 
permeated  everywhere  by  pneumic  acid  in  a  soluble  form,  its 
alkaline  carbonates  and  bicarbonates,  if  any  be  present,  are  decom- 
posed with  the  production  on  the  one  hand  of  the  pneu  mates  of 
8oda  and  potassa,  and  on  the  other  of  free  carbonic  acid,  which  is 
exhaled.  M.  Bernard  has  found*  that  if  a  solution  of  bicarbonate 
of  soda  be  rapidly  injected  into  the  jugular  vein  of  a  rabbit,  it 
becomes  decomposed  in  the  lungs  with  so  rapid  a  development  of 
rbonic  acid,  that  the  gas  accumulates  in  the  pulmonary  tissue, 
even  in  the  pulmonary  vessels  and  tlie  cavities  of  the  heart,  to 
ch  an  extent  as  to  cause  immediate  death  by  stoppage  of  the 
rculation.  In  the  normal  condition,  however,  the  carbonates  and 
irbonates  of  the  blood  arrive  so  slowly  at  the  lungs  that  as  fast 
I  they  are  decomposed  there,  the  carbonic  acid  is  readily  exhaled 
expiration,  and  produces  no  deleterious  effect  on  the  circulation, 

*  RnliJn  jinfl  Venlt'iL  op,  eft.,  vol.  n,  p,  46t>. 
^  ik)*uliirea  (i^u.  dv  Med,,  xvi.  222. 
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Secondly,  in  the  hlood.  There  is  little  doubt,  although  the  fact  had 
not  beeQ  directly  proved,  that  some  of  the  oxygen  definitely  di^ 
appears,  and  some  of  the  carbonic  acid  is  also  formed,  in  the  sub* 
stance  of  the  blood-globules  during  their  circulation.  Since  theee 
globules  are  anatomical  elements,  and  since  they  undoubtedly  go 
through  with  nutritive  processes  analogous  to  those  which  lake 
place  in  the  elements  of  the  solid  tissues,  there  is  every  reason  for 
believing  that  they  also  require  oxygen  for  their  support,  and  thai 
they  produce  carbonic  acid  as  one  of  the  results  of  their  interstitial 
decomposition.  While  the  oxygen  and  carbonic  acid,  therefore^ 
contained  in  the  globules,  are  for  the  most  part  transported  by 
these  bodies  from  the  lungs  to  the  tissues,  and  from  the  tissues  back 
again  to  the  lungs,  they  probably  take  part,  also,  to  a  certain  extent, 
in  the  nutrition  of  tho  blood-globules  themselves. 

Thirdly,  in  tJie  tmiies.  This  is  by  far  the  most  important  source 
of  the  carbonic  acid  in  the  blood.  From  the  experiments  of  SpaU 
lanzani,  W*  Edwards,  Marchand  and  others,  the  following  very 
important  fact  has  been  established,  viz.,  that  every  organized  ti8g%ie 
and  even  every  organic  snhsiance^  when  in  a  recent  condition,  has  the 
power  of  absorbing  oxygen  and  of  exhaling  carbonic  act  J.  G.  Liebig, 
for  example,*  found  that  frog^a  muscles,  recently  prepared  and  com- 
pletely  freed  from  bl(X)d,  continued  to  absorb  oxygen  and  discharge 
carbonic  acid.  Similar  experiments  with  other  tissues  have  led 
to  a  similar  result.  The  interchange  of  gases,  therefore,  in  the 
process  of  respiration,  takes  place  mostly  in  the  tissues  theraselrea. 
It  is  in  their  substance  that  the  oxygen  becomes  fixed  and  assimi- 
lated, and  that  the  carbonic  acid  takes  its  origin.  As  the  blood  in 
the  lungs  gives  up  its  carbonic  acid  to  the  air,  and  absorbs  oxygea 
from  it,  so  in  the  general  circulation  it  gives  up  its  oxygen  to  the-- 
tissues,  and  absorbs  from  them  carboaio  acid. 

We  come  lastly  to  examine  the  exact  mode  by  which  the  car 

bonic  acid  originates  in  the  animal  tissuea    Investigation  showfii^SB 
that  even  here  it  is  twI  produced  by  a  process  of  oxidation,  or  direcwmM 
union  of  oxygen  with  the  carbon  of  the  tiMtieSf  but  in  some  other  and  mot^ — =? 
indirect  jnmk.     This  is  proved  by  the  fact  that  animals  and  fred.^-^ 
animal  tissues  will  continue  to  exhale  carbonic  acid  in  an  atmo— ^— 
sphere  of  hydrogen  or  of  nitrogen,  or  even  when  placed  in  a  vacutinuJ^B 
Marchand  found'  that  frogs  would  live  for  from  half  an  hour  to  atx 
hour  in  pure  hydrogen  gas ;  and  that  during  this  time  they  cxhale<3 
even  more  carbonic  acid  than  in  atmospheric  air,  owing  probably 
^  In  LehmADD,  op,  cit.,  vol*  ii-  p.  474.  •  Ibid.,  p.  442, 
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the  superior  displacing  power  of  hydrogen  for  carbonic  acid. 

?or  while  15,500  grains'  weight  of  frogs  exhaled  about  1.13  grain 

carbonic  acid  per  hour  in  atmospheric  air,  they  exhaled  during 

be  siune  time  in  pui'e  hydrogen  as  much  as  4.07  grains.     The  same 

!*rver  found  that  frogs  would  recover  on  the  admission  of  air 

er   remaining  for   nearly  half  an   hour   in  a  nearly  complete 

vacuum;  imd  that  if  they  were  killed  by  total  abstraction  of  the 

^br,  15,500  grains*  weight  of  the  animals  were  found  to   have 

^nliminated  9.3  grains  of  carbonic  acid.     The  exhalation  of  carbonic 

^ncid  by  the  tissues  does  not,  thereforCj  depend  directly  upon  the 

access  of  free  oxygen.    It  cannot  go  on,  it  is  true,  for  an  indefinite 

^■^e,  any  more  than  the  other  vital  processes,  without  the  presence 

"Of  oxygen.    But  it  may  continue  long  enough  to  show  that  the 

carbonic  acid  exhaled  is  not  a  direct  product  of  oxidation^  but  that 

11  originates,  on  the  contrary,  in  all  probability,  by  a  deeompoai- 
ion  of  the  organic  ingredients  of  the  tissues,  resulting  in  the  pro- 
luction  of  carbonic  acid  on  the  one  hand,  and  of  various  other 
mbstances  on  the  other,  with  which  we  are  not  yet  fully  acquainted ; 
n  very  much  the  same  manner  as  the  decomposition  of  sugar 
during  fermentation  gives  rise  to  alcohol  on  the  one  hand  and  to 
carbonic  acid  on  the  other.  The  fermentation  of  sugar,  when  it  has 
onoe  commenced,  does  not  require  the  continued  access  of  air.  It 
^wiU  go  on  in  an  atmosphere  of  hydrogen,  or  even  when  confined  in 
I  close  vessel  over  mercury;  since  its  carbonic  acid  is  not  produced 
by  direct  oxidation,  but  by  a  decomposition  of  the  sugar  already 
present.  For  the  same  reason,  carbonic  acid  will  continue  to  be 
chaled  by  living  or  recently  dead  animal  tissues,  even  in  an  atmo* 
phere  of  hydrogen,  or  in  a  yacuum. 

Carbonic  acid  makes  its  appearance,  accordingly^  in  the  tissues, 

ays  one  product  of  their  decomposition  in  the   nutritive   process, 

^■Trom  them  it  is  taken  up  by  the  blood,  either  in  simple  solution  or 

^Bi  loose  combination  as  a  bicarbonate,  transported  by  tlie  circulation 

fmo  the  lungs,  and  finally  exhaled  from  the  pulmonary  mucous  mem- 

^rane  in  a  gaseous  form. 

The  carbonic  acid  exhaled  from  the  lungs  should  accordingly  be 
tudied  by  itself  as  one  of  the  products  of  the  animal  organism,  and 
quantity  ascertained  in  the  difterent  |)hysiological  conditions  of 
ie  body.    The  expired  air  usually  contains  about  four  per  cent,  of 
volome  of  carbonic  acid.     According  to  the  researches  of  Vier- 
it,*  w^hich  are  regarded  as  the  most  accurate  on  this  subject,  an 
^  In  Leliinanti,  op.  cit.,  vol.  ii.  p.  439, 
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adult  man  gives  off  1.62  cubic  inch  of  carbonic  acid  with  each  nor- 
mal expiration.  This  amounts  to  very  nearly  1,150  cubic  inches 
per  hour,  or  fifteen  and  a  half  cubic  leet  per  day.  This  quantity 
ia,  by  weight,  10,740  graina,  or  a  little  over  one  pound  and  a  half. 
The  amount  of  carbonic  acid  exhaled,  however,  varies  from  time  to 
time,  according  to  many  difterent  circumstances;  so  that  no  such 
estimate  can  represent  correctly  its  quantity  at  aU  times.  These 
variations  have  been  very  fully  investigated  by  Andral  and  Gavar- 
ret/  who  found  that  the  principal  conditions  modifying  the  amount 
of  this  gas  produced  were  age,  sex,  constitution  and  development 
The  variations  were  very  marked  in  different  individuals,  notwith- 
standing that  the  experiments  were  made  at  the  same  period  of  the 
day,  and  with  the  subject  as  nearly  as  possible  in  the  same  condi- 
tion. Thus  they  found  that  the  quantity  of  carbonic  acid  exhaled 
per  hour  in  five  different  individuals  was  as  follows: — 

QpAXTrTY  df  Cakbobtic  AcrD  per  nocTB. 
In  subject  No.  1         ,        •        ^        ,        ,       1207  cubic  iDche>8, 
u        H        u    f>  _  970      **  ** 

**♦*<»     3 1250       "  •« 

»*         "         "    4 1250      "         *• 

"         **        •'     5 1591      **  " 

With  regard  to  the  difference  produced  by  age,  it  was  found  that 
from  the  period  of  eight  years  up  to  puberty  the  quantity  of  etvr- 
bonic  acid  increases  constantly  with  the  age.  Thus  a  boy  of  eight 
years  exhales,  on  the  average,  56-4  cubic  inches  per  hour;  while  a 
boy  of  fifteen  years  exhales  981  cubic  inches  in  the  same  time. 
Boys  exhale  during  this  period  more  carbonic  acid  than  girls  of  the 
same  age.  In  males  tliis  augmentation  of  the  quantity  of  carbonio 
acid  continues  till  the  twenty-fiflth  or  thirtieth  year,  when  it  reaches, 
on  the  average,  1398  cubic  inches  per  hour.  Its  quantity  then 
remains  stationary  for  ten  or  fitleen  years;  then  diminishes  slightly 
from  the  fortieth  to  the  sixtieth  year;  and  after  sixty  years  dimi- 
nishes in  a  marked  degree,  so  that  it  may  fall  so  low  as  1038  cubic 
inches.  In  one  superannuated  person,  102  years  of  age,  Audral 
and  Gavarret  found  the  hourly  quantity  of  carbonic  acid  to  be 
only  665  cubic  inches. 

In  women,  the  increase  of  carbonic  acid  ceases  at  the  period  of 
puberty;  and  its  production  then  remains  constant  until  the  cessa- 
tion of  menstruation,  about  the  fortieth  or  forty-fifth  year.  At  that 
lime  it  increases  again  until  after  fifty  years,  when  it  subsequently 

1  AAQAlea  de  Clumlo  ei  do  riiyaiqtte,  1843,  Sd  Benes,  toL  tHl  p.  V^% 
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diminislied  with  the  approach  of  old  age,  as  in  men.  Pregnancy 
occurring  at  any  time  iu  the  above  period,  immediately  produces  i 
temporary  increase  in  the  quantity  of  carbonic  acid* 

The  strength  of  the  constitution,  and  more  particularly  the  deveA 
loimietd  of  the  inmcuiar  st/staUf  was  found  to  have  a  very  great  in- 
£ucnoe  in  this  respect;  increasing  the  quantity  of  carbonic  acid 
very  much  in  proportion  to  the  weight  of  the  individual.  The 
lai-gest  production  of  carbonic  acid  observed  wjis  in  a  young  man, 
26  years  of  age,  whose  frame  presented  a  remarkably  vigorous  and 
athletic  development,  and  who  exhaled  1591  cubic  inches  per  hour. 
This  large  quantity  of  carbonic  acid,  moreover,  in  well  developed 
persons,  is  not  owing  simply  to  the  size  of  the  entire  body,  but 
particularly  to  the  development  of  the  muscular  system,  since  an 
unusually  large  skeleton,  or  an  abundant  deposit  of  adipose  tiseue^ 
is  not  accompanied  by  any  such  increase  of  the  carbonic  acid. 

Andral  and  Gavarret  finally  sum  up  the  results  of  their  investiga- 
lions  as  follows ; —  * 

1.  The  quantity  of  carbonic  acid  exhaled  from  the  lungs  in  a  given 
time  varies  with  the  age,  the  sex,  and  the  constitution  of  the  subject 

2.  In  the  male,  as  well  as  in  the  female,  the  quantity  of  carbonic 
acid  varies  according  to  the  age ;  and  that  independently  of  the 
weight  of  the  individual  subjected  to  exjieriment. 

3.  During  all  the  periods  of  life,  from  that  of  eight  years  up  to 
tho  most  advanced  age,  the  male  and  female  may  be  distinguished 
by  the  diflerent  quantities  of  carbonic  acid  which  they  exhale  in  a 
given  time.  Other  things  being  equal,  the  male  exhales  always  a 
larger  quantity  than  the  female.  This  difference  is  particularly 
marked  between  the  ages  of  16  and  4^.^  years,  during  which  period 
the  male  usually  exhales  twice  as  much  carbonic  acid  as  the  female. 

4.  In  the  male,  the  quantity  of  carbonic  acid  ijicreases  constantly 
from  eight  to  thirty  years;  and  the  rate  of  this  increase  undergoes 
a  rapid  augmentation  at  the  period  of  puberty.  Beyond  thirty 
ve-ars  the  exhalation  of  carbonic  acid  begins  to  decrease,  and  its 
diminution  is  more  marked  as  the  individual  apptoaohcs  extreme 
old  age,  so  that  near  the  termination  of  life,  the  quantity  of  carbonic 
acid  produced  may  be  no  greater  than  at  the  age  of  ten  years. 

6.  In  the  female,  the  exhalation  of  carbonic  acid  increases  accord- 
ing to  the  same  law  as  in  the  male,  from  the  age  of  eight  years 
until  puberty*  But  at  the  period  of  puberty,  at  the  same  time  with 
the  appearance  of  menstruation,  the  exhalation  of  carbonic  acid. 
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contrary  to  what  happens  in  the  male,  ceases  to  increase ;  and  it 
afterward  remains  etationary  so  long  as  the  menstrual  periods  recar 
with  regularity.  At  the  cessation  of  the  menses,  the  quantity  of 
carbonic  acid  exhaled  increases  in  a  notable  manner ;  then  it  de- 
creases again,  as  in  the  male,  as  the  woman  advances  toward  old  age. 

6,  During  the  whole  period  of  pregnancy,  the  exhalation  of  car- 
bonic acid  rises,  for  the  time^  to  the  same  standard  as  in  women 
whose  menses  have  ceased, 

7*  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  is 
greater  as  the  constitution  is  stronger,  and  the  muscular  system 
more  fully  developed. 

Prof  Scharling,  in  a  similar  aeries  of  investigations,*  found  that 
the  quantity  of  carbonic  acid  exhaled  was  greater  during  the  diges- 
tion of  food  than  in  the  fasting  condition.  It  is  greater,  also,  ia  the 
waking  state  than  during  sleep ;  and  in  a  state  of  activity  than  in 
one  of  quietude.  It  is  diminished,  also,  by  fatigue,  and  by  most 
conditions  which  interfere  with  perfect  health* 

The  process  of  respiration  is  not  altogether  confined  to  the  lungs, 
but  the  interchange  of  gases  takes  place,  also,  to  some  extent  through 
the  skin.  It  has  been  found,  by  inclosing  one  of  the  limbs  in  an 
air-tight  case,  that  the  air  in  which  it  is  confined  loses  oxygen  and 
gains  in  carbonic  acid.  By  an  experiment  of  this  sort,  performed  by 
Prof.  Scharling,^  it  was  ascertained  that  the  carbonic  acid  given  off 
from  the  whole  cutaneous  surface^  iu  the  human  subject,  is  from 
one-sLxtieth  to  one-thirtieth  of  that  discharged  during  the  same 
period  from  the  lungs.  A  certain  amount  of  odoriferous  organic 
matter  is  also  given  off  by  the  skin  as  well  as  by  the  lungs.  In  the 
truly  amphibious  animals,  that  is,  those  which  breathe  by  lungs,  and 
can  yet  remain  under  water  for  a  long  period  without  injury  (as 
frogs  and  salamanders),  the  respiratory  function  of  the  skin  is  very 
active.  In  these  animals,  the  integument  is  very  vascular,  moist, 
and  flexible ;  and  is  covered,  not  with  dry  cuticle,  but  with  a  verj 
thin  and  delicate  layer  of  epithelium.  It  therefore  presents  all  the 
conditions  necessary  for  the  accomplishment  of  respiration;  and 
while  the  animal  remains  beneath  the  surface,  and  the  lungs  are  in 
a  state  of  comparative  inactivity,  the  exhalation  and  absorption  of 
gases  continue  to  take  place  through  the  skin,  and  the  process  of 
respiration  goes  on  without  interruption. 

'  Atirinles  Av  Cbhnie  ct  de  Physique^  voU  viii.  p.  490*  

*  In  Carpenter's  Human  Physiology,  Pliilada.  ed.,  1855,  p*  806. 
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ANIMAL    HEAT. 

OyrE  of  the  most  important  phenomena  presented  by  animals  and 
vegetables  is  the  property  which  they  possess  of  maintaining,  more 
^iDr  leas  constantly^  a  standard  tem{}erature^  notwithstanding  the 
external  vicissitudes  of  heat  and  cold  to  which  they  may  be  sub- 
lected.  If  a  bar  of  iron,  or  a  jar  of  water,  be  heated  up  to  100^  or 
200^  F,,  and  then  exposed  to  the  air  at  60°  or  60°,  it  will  imme- 
iately  begin  to  lose  beat  by  radiation  and  condnction ;  and  this 
OSS  of  heat  will  steadily  continue,  nntil,  after  a  certain  time,  the 
temperature  of  the  heated  body  has  become  reduced  to  that  of  the 
surrounding  atmosphere.  It  then  remains  stationary  at  this  point, 
"imless  the  temperature  of  the  atmosphere  should  happen  to  rise  or 
iitll :  in  which  case,  a  similar  change  takes  place  in  the  inorganic 
Ixxly,  its  temperature  remaining  constant,  or  varying  with  that  of 
%he  surrounding  medium. 

With  living  animals  the  case  is  diSerent.  If  a  thermometer  be 
ntroduced  int<:>  the  stomach  of  a  dog,  or  placed  under  the  tongue 
if  the  human  subject,  it  will  indicate  a  temperature  of  100°  F.,  very 
early,  whatever  may  be  the  condition  of  the  surrounding  atrao- 
here  at  the  time.  This  internal  temperature  is  the  same  in  sum- 
ler  and  in  winter.  If  the  individual  upon  whom  the  experiment 
,as  been  tried  be  afterward  exposed  to  a  cold  of  zero,  or  even  of  20° 
or  80°  below  zero,  the  thermometer  introduced  into  the  interior  of 
rthe  body  will  still  stand  at  100°  F,  As  the  body,  during  the  whole 
iod  of  its  exposure,  must  have  been  losing  heat  by  radiation  and 
iduction,  like  any  inorganic  mass,  and  has,  not>vitlistanding,  raain- 
[taiiied  a  constant  temperature,  it  is  plain  that  a  certain  amount  of 
e^t  has  been  generated  in  the  interior  of  the  body  by  means  of  the 
vital  processes,  sufficient  to  compensate  for  the  external  loss.  The 
internal  heat,  so  produced,  is  known  by  the  name  of  vital  or  animal 
heat 

There  are  two  classes  of  animals  in  which  the  production  of  vital 
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heat  takes  place  with  such  activity  that  their  blood  and  internal 
organs  are  nearly  always  very  much  above  the  external  temper- 
ature; and  which  are  therefore  called  "warm-blooded  anitnals.^' 
These  are  mammalia  and  birds.  Among  the  birds,  some  specie^ 
aa  the  gull,  have  a  temperature  as  low  as  100^  F. ;  but  in  moat  of 
thera,  it  U  higher,  sometimes  reaching  as  high  as  110°  or  111**.  la 
the  mammalians,  to  which  class  man  belongs,  the  animal  tempera- 
ture is  never  far  from  100°.  In  the  seal  and  the  Greenland  whAle, 
it  has  been  found  to  be  104° ;  and  in  the  porpoise,  which  is  an  air- 
breathing  animal,  dd^.o.  In  the  human  subject  it  is  98*^  to  lOO*. 
When  the  temperature  of  the  air  is  below  this,  the  external  parts 
of  the  body,  being  most  exposed  to  the  eooliog  influences  of  radia- 
tion and  coDductlon,  fall  a  little  below  the  standard,  and  may  indi- 
cate a  temperature  of  97°,  or  even  several  degrees  below  tliis  point. 
Thus,  on  a  very  cold  day,  the  thinner  and  more  exposed  parts*  such 
as  the  nose,  the  ears,  and  the  ends  of  the  fingers,  may  become 
cooled  down  considerably  below  the  standard  temperature,  and  may 
even  be  congealed,  if  the  cold  be  severe ;  but  the  temperature  rf 
the  internal  organs  and  of  the  blood  still  remains  the  same  under 
all  ordinary  exposures. 

II*  the  cold  be  so  intense  and  long  continued  as  to  affect  the 
general  temperature  of  the  blood,  it  at  once  becomes  fatal.    It  has 
been  found  that  although  a  warm-blooded  animal  usually  preserver 
its  natural  temperature  when  exposed  to  external  cold,  yet  if  thei 
actual  temperature  of  the  blood  become   reduced  by  any  meana 
more  than  5°  or  6°  below  its  natural  standard,  death  inevitabl 
results.     The  animal,  under  these  circumstances,  gradually  beooi 
torpid  and  insensible,  and  all  the  vital   operations  finally 
Birds,  accordingly,  whose  natural  temperature  is  about  110^,  die  iMi^ 
the  blood  be  cooled  down  to  100°,  which  is  the  natural  temperatai^  "no 
of  the  mammalia;  and  the  mammalians  die  if  their  blood  be  cooleo^     d 
down  below  94**  or  95°.     Each  of  these  dififerent  classes  has  thei 
fore  a  natural  temperature,  at  which  the  blood  must  be  maintaiDe 
in  order  to  sustain  life;  and  even  the  different  species  of  animal.^31 
belonging  to  the  same  class,  have  each  a  specific  temperature  whie.'Zr 
is  characteristic  of  them,  and  which  cannot  be  raised  or  lowered,  to 
any  considerable  extent,  without  producing  death. 

While  in  the  birds  and  mammalians,  however,  the  internal  pro* 
duction  of  heat  is  so  active,  that  their  temperature  is  nearly  alwavs 
considerably  above  that  of  the  surrounding  media,  and  suffers  but 
little  variation ;  in  reptiles  and  fish,  on  the  other  hand,  its  prodoo- 
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tioQ  is  mucli  less  rapid,  and  the  temperature  of  their  bodies  differs 
but  little  from  that  of  the  air  or  water  which  they  inhabit.  Birds 
and  mammalians  are  therefore  called  "  warm-blooded/'  and  reptiles 
and  fish  "  cold-blooded"  animals.  There  is,  however,  no  other  dis- 
tinction between  them,  in  this  respect,  than  one  of  degree.  In 
reptiles  and  fish  there  is  also  an  internal  source  of  heat ;  only  this 
is  not  so  active  as  in  the  other  classes.  Even  in  these  animals  a 
difference  is  usually  found  to  exist  between  the  temperature  of  their 
bodies  and  that  of  the  surrounding  media.  John  Hunter,  Sir 
Humphrey  Davy,  Czermak,  and  others,'  have  found  the  temperature 
of  Proteus  anguinus  to  be  68^.6,  when  that  of  the  air  was  66°.4 ; 
that  of  a  frog  48'',  in  water  at  44^.4;  that  of  a  serpent  88^.46,  in 
air  at  Sl^'.S ;  that  of  a  tortoise  84°,  in  air  at  79°.5 ;  and  that  of  fish 
to  be  from  1°.7  to  2°.5  above  that  of  the  surrounding  water. 

The  following  list*  shows  the  mean  temperature  belonging  to 
animals  of  different  classes  and  species. 


Animal. 

Mean  Tempbbatvkb. 

•  Swallow 1110.25 

Heron    . 

..       111C.2 

Biros. 

Raven   . 

Pigeon  . 

Fowl     . 
L  Onll       . 
'  Squirrel 

Goat      . 

Cat 

108O.5 

107O.6 

106O.7 

lOOO.O 

105O 

102O.5 

101O.3 

Mammalia. 

Hare      . 
Ox 
Dog       . 

. .       100O.4 
990.5 
990.4 

Man       . 

980.6 

t 

.Ape       . 

950.9 

Reptilb. 

Toad     . 
f  Carp     . 

510.6 
510.25 

FWH. 

Tench  . 

52C.10 

In  the  invertebrate  animals,  as  a  general  rule,  the  internal  heat 
IS  produced  in  too  small  quantity  to  be  readily  estimated.  In  some 
of  the  more  active  kinds,  however,  such  as  insects  and  arachnida, 
It  is  occasionally  generated  with  such  activity  that  it  may  be 
appreciated  by  the  thermometer.  Thus,  the  temperature  of  the 
l>utterfly,  when  in  a  state  of  excitement,  is  from  5®  to  9°  above 
^^t  of  the  air;  and  that  of  the  humble-bee  from  8°  to  10°  higher 


1  Simon's  Ch(*mi9try  of  Man,  Philadelphia  edition,  p.  124. 
«  Ibid.,  pp.  123—126. 
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than  the  exterior.  According  to  the  experiments  of  Mr.  Newport,* 
the  interior  of  a  hive  of  beea  may  have  a  temperature  of  48*^.6. 
when  the  external  atmosphere  is  at  34*=>.5;  even  while  the  inaects 
are  quiet;  but  if  they  be  excited,  by  tapping  on  the  outside  of  the 
hive,  it  may  rise  to  102°,  In  all  cases,  while  the  insect  is  at  re»t^ 
the  temperature  is  very  moderate ;  but  if  kept  in  rapid  motion  m 
a  confined  space,  it  may  generate  heat  enough  to  afieot  the  thermo- 
meter sensiblyp  in  the  course  of  a  few  minutes. 

Even  in  vegetables  a  certain  degree  of  heat-producing  power  is 
occasionally  manifest.  Usually,  the  exposed  surface  of  a  plant  is 
so  extensive  in  proportion  to  its  mass,  that  whatever  caloric  may 
be  generated  is  too  rapidly  lost  by  radiation  and  evaporation^  to  be 
appreciated  by  ordinary  means.  Under  some  circumstances,  how- 
ever, it  may  accumulate  to  such  an  extent  as  to  become  readily 
perceptible.  In  the  process  of  malting,  for  example,  when  a  large 
quantity  of  germinating  grain  is  piled  together  in  a  mass,  its  ele- 
vated temperature  may  be  readily  distinguished,  both  by  the  band 
and  the  thermometer.  During  the  flowering  process,  also,  an  uu- 
usual  evolution*  of  heat  takes  place  in  plants.  The  flowers  of  the 
geranium  have  been  found  t»  have  a  temperature  of  87°,  while 
that  of  the  air  was  81*^;  and  the  thermometer,  placed  in  the  centre 
of  a  clump  of  blossoms  of  arum  cordifolium,  has  been  seen  to  rise 
to  111°,  and  even  121°,  while  the  temperature  of  the  external  air 
was  only  66°.' 

Dutrochet  has  moreover  found,  by  a  series  of  very  ingenious  and 
delicate  experiments,'  that  nearly  all  parts  of  a  living  plant  gene- 
rate a  certain  amount  of  heat*  The  proper  heat  of  the  plant  is 
usually  so  rapidly  dissipated  by  the  continuous  evaporation  of  ita 
fluids,  that  it  is  mostly  imperceptible  by  ordinary  means ;  but  if 
this  evaporation  be  prevented,  by  keeping  the  air  charged  with 
watery  vapor,  the  heat  becomes  pensible  and  can  be  appreciated  by 
a  delicate  thermometer.  Dutrochet  used  for  this  purpose  a  thermo- 
electric apparatus,  so  constructed  that  an  elevation  of  temperature 
of  1°  F.,  in  the  substances  examined,  would  produce  a  deviation  in 
the  needle  of  nearly  nine  degrees.  By  this  means  he  found  that  he 
could  appreciate,  without  difficulty,  the  proper  temperature  of  the 
plant    A  certain  amount  of  heat  was  constantly  generated,  during 


*  Carpenter's  GeTieml  and  CompAmtive  Physiology,  Pliitadelphis,  1851,  p.  SW. 

•  Carponter'fl  Gen,  and  Coiiip.  riiystology,  p-  846. 

'  Aitunlea  det)  Suiufices  Katureller^,  2d  t^crieSj  xlU  p.  277* 
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Uie  day»  in  the  green  stems,  the  leaves,  the  buds,  and  even  the 
njolA  and  fruiu  The  maximum  temperature  of  these  parts,  above 
thttt  of  the  surrounding  atmosphere,  was  sometimes  a  little  over 
oae^half  a  degree  Fahrenheit;  though  it  was  often  considerably 
lasa  tbAD  this. 

The  different  parts  of  the  vegetable  fabric,  therefore,  generate 
different  quantities  of  caloric  In  the  same  manner,  the  heat- 
producing  power  is  not  equally  active  in  different  species  of  ani- 
mals; but  its  existence  is  nevertheless  common  to  both  animals 
and  vegetables* 

With  regard  to  the  mode  of  generation  of  this  internal  or  vital 
beat»  we  may  start  with  the  assertion  that  its  production  depends 
upon  changes  of  a  chemical  nature,  and  is  so  far  to  be  regarded  as 
a  chemical  phenomenon.     The  sources  of  heat  which  we  meet 
with  in  nature  are  of  various  kinds.     Sometimes  the  heat  is  of 
a  physical  origin ;  as,  for  example,  that  derived  from  the  rays  of 
the  sun,  the  friction  of  solid  substances,  or  the  passage  of  electric 
currents.     In  other  instances  it  is  produced  by  chemical  changes: 
and  the  most  abundant  and  useful  source  of  artificial  beat  is  the 
oxidation,  or  combustion,  of  carbon  and  carbonaceous  compounds. 
Wixxi  and  coal,  substances  rich  in  carbon,  are  mostly  used  for  this 
purpose ;  and  charcoal,  which  is  nearly  pure  carbon,  is  frequently 
employed  by  itself.    These  substances,  when  burned,  or  oxidized, 
evolve  a  large  amount  of  heat;  and  produce,  as  the  result  of  their 
oxidation,  carbonic  acid.    In  order  that  the  process  may  go  on,  it 
is  of  course  necessary  that  oxygen,  or  atmospheric  air,  should  have 
free  acoees  to  the  burning  body;   other^^se  the  combustion  and 
evolution  of  heat  cease,  for  want  of  a  necessary  agent  in  the  chemi- 
cal combination.     In  all  these  instances,  the  quantity  of  heat  gene- 
rated is  in  direct  proportion  to  the  amount  of  oxidation ;  and  may 
he  measured,  either  by  the  quantity  of  r^rbon  consumed,  or  by  that 
of  carbonic  acid  produced.     It  may  be  made  to  go  on,  also,  either 
alowly  or  rapidly,  according  to  the  abundance  and  purity  in  which 
oxygen  is  supplied  to  the  carbonaceous  substance.     Thus,  if  char- 
coal be  ignited  in  an  atmosphere  of  pure  oxygen,  it  burns  rapidly 
ind  violently,  raises  the  temperature  to  a  high  point,  and  is  soon 
conaamei    On  the  other  hand,  if  it  be  shut  up  in  a  olose  stove, 
to  which  the   air  is  admitted  slowly,  it  produces  only  a  slight 
elevatiuu  of  temperature,  and  may  require  a  much  longer  time 
for  its  complete  disappearance.    Nevertheless,  for  the  same  quan- 
tity of  carbon  consumed,  the  amount  of  heat  generated,  as  well  as 
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that  of  carbonic  acid  produced,  will  be  equal  in  tbe  two  caaes^  la 
one  instance  we  have  a  rapid  combastion,  in  the  other  a  slow  com- 
bustion ;  the  total  eftect  beiog  the  same  in  both. 

Such  is  the  mode  in  which  heat  is  commonly  produced  by  artifi* 
cial  means,  its  evolution  is  here  dependent  upon  two  principal 
conditions^  which  are  essential  to  it,  and  by  which  it  is  alwap 
accompanied,  viz,,  the  consumption  uf  oxygen,  and  the  prodttctioo 
of  carbonic  acid. 

Now,  since  the  two  phenomena  just  mentioned  are  preseotd 
also  by  the  living  body,  and  since  they  are  accompanied  here,  too. 
by  the  production  of  animal  heat,  it  was  very  natural  to  suppoee 
that  in  the  animal  organisation,  as  well  as  elsewhere^  the  iiiteni&! 
heat  might  be  owing  to  an  oxidation  or  combustion  of  carbon.  Ac- 
cording to  Lavoisier,  the  oxygen  taken  into  the  lungs  was  sup- 
posed to  combine  immediately  with  the  carbon  of  the  pulmonuT 
tissues  and  fluids,  producing  carbonic  acid,  and  to  be  at  once  Te^ 
turned  under  that  form  to  the  atmosphere ;  the  same  quantity  of 
heat  resulting  from  the  above  process  as  wotild  have  been  produced 
by  the  oxidation  of  a  similar  quantity  of  carbon  in  wood  or  coil* 
Accordingly,  he  regarded  the  lungs  as  a  sort  of  stove  or  furnace, 
by  which  the  rest  of  the  body  was  warmed,  through  the  medium  of 
the  circulating  blood. 

It  was  soon  found,  however,  that  this  view  was  altogether  erro- 
neous; for  the  slightest  examination  shows  that  the  lungs  arc  aoii 
perceptibly  warmer  than  the  rest  of  the  body;  and  that  the  hc^^l 
producing  power,  whatever  it  may  be,  does  not  reside  exclusivtlj 
in  the  pulmonary  tissue,     Furthermore,  subsequent  investigatioOB 
showed  the  following  very  important  facts,  which  we  hare  already 
mentioned,  viz,,  that  the  carbonic  acid  is  not  formed  in  the  laBg««, 
but  exists  in  the  blood  before  its  arrival  in  the  pulmonary  capilla- 
ries ;  and  that  the  oxygen  of  the  inspired  air,  so  far  from  oombiaing 
with  carbon  in  the  lungs,  is  taken  up  in  solution  by  the  blood- 
globules,  and  carried  away  by  the  current  of  the  general  circulation.  J 
It  is  evident,  therefore,  that  this  oxidation  or  combustion  of  thej 
blood  must  take  place,  if  at  all,  not  in  the  lungs,  but  in  the  Cdpil*| 
laries  of  the  various  organs  and  tissues  of  the  body, 

Liebig  accordingly  adopted  Lavoiaier^s  theory  of  the  productic 
of  animal  heat,  with  the  above  modification.     He  believed  the  : 
of  the  animal  body  to  be  produced  by  the  oxidation  or  combustioal 
of  certain  elements  of  the  food  while  still  circulating  in  the  bloods 
these  substances  being  converted  into  carbonic  acid  and  water  b^ 
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the  oxidation  of  their  carbon  and  hydrogen,  and  immediately  ex* 
pelled  fix>m  the  body  without  ever  having  formed  a  part  of  the  solid 
^tis&ues.  He  therefore  divided  the  food  into  two  different  classes  of 
'alimentary  substances ;  viz.,  1st,  the  niirogerwus  or  plastic  elemeniSf 
which  are  introduced  in  comparatively  small  quantity,  and  which 
are  to  be  actually  converted  into  the  substance  of  the  tissues,  sucli  as 

tlbumen*  muscular  flesh,  &c. ;  and  2d,  the  hr/dro-carbom  or  respiratory 
lemeriUf  such  as  sugar,  starch,  and  fat;  which,  according  to  hi^  view, 
.re  taken  into  the  blood  solely  to  be  burned,  never  being  assimilated 
l^nverted  into  the  tissues,  but  only  oxidized  in  the  circulation, 
n  immediately  expelled,  as  above,  under  the  form  of  carbonic 
acid  and  water.    He  therefore  regarded  these  elements  of  the  food 
only  as  so  much  fuel ;  destined  simply  to  maintain  the  heat  of  the 
body,  but  taking  no  part  in  the  proper  function  of  nutrition. 
.  The  above  theory  of  animal  heat  has  been  very  generally  adopted 

^ftand  acknowledged  by  the  medical  profession  until  within  a  recent 
^^bjnod.    A  few  years  ago,  however,  some  of  its  deficiencies  and 
^^|p>nsi8tencies  were  pointed  out,  by  Lehmann  in  Germany,  and  by 
Bobin  and  Verdeil  in  France ;  and  since  that  time  it  has  begun  to 
lose  ground  and  give  place  to  a  different  mode  of  explanation,  more 
^^  in  accordance  with  the  present  state  of  physiological  science.     We 
^■believe  it,  in  fact,  to  be  altogether  erroneous;   and  incapable  of 
^^explaining,  in  a  satisfactory  manner,  the  phenomena  of  animal  heat, 
as  exhibited  by  the  living  body.    We  shall  now  proceed  to  pass  in 
review  the  principal  objections  to  the  theory  of  combustion,  con- 
sidered as  a  physiological  doctrine. 

tL  It  is  not  at  all  necessary  to  regard  the  evolution  of  heat  as 
ependent  solely  on  direct  oxidation.  This  is  only  one  of  its 
>arcea»  as  we  constantly  see  in  external  nature.  The  sun's  rays, 
lechanical  friction,  electric  currents,  and  more  particularly  a  great 
v;iriety  of  chemical  actions,  such  as  various  saline  combinations  and 
deoompositions,  are  all  capable  of  producing  heat;  and  even  simple 
solutions,  such  as  the  solution  of  caastio  potassa  in  water,  the  mixture 
of  ffttlphuric  acid  and  water,  or  of  alcohol  and  water,  will  often  pro- 
duce a  very  sensible  elevation  of  temperature.  Now  we  know  that 
in  the  interior  of  the  body  a  thousand  different  actions  of  this 
nature  are  constantly  going  on ;  solutions,  combinations  and  decom- 
positions in  endless  variety,  all  of  which,  taken  together,  are  amply 
sufficient  to  account  for  the  pro<^l action  of  animal  heat,  provided  the 
tlieory  of  combustion  be  found  insufficient  or  improbable. 
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11,  In  vegetables  there  is  an  internal  production  of  heat,  as 
03  in  animals;  a  fact  which  has  been  fully  demonstrated  by  the^ 
experiments  of  Dutrochet  and  others,  already  described*     In  vege- 
tables, however,  the  absorption  of  oxygen  and  exhalation  of  car- ' 
bonic  acid  da  not  take  place ;  excepting,  to  some  extent,  during  thai 
night     On  the  contrary,  the  diurnal  process  in  vegetables,  it  is  welli 
known»  is  exactly  the  reverse  of  this.     Under  the  influence  of  the 
solar  light  they  absorb  carbonic  acid  and  exhale  oxygen.     And  it 
is  exceedingly  remarkable   that,  in    Dutrochet*3   experiments^  he 
found  that  the  evolution  of  heat  by  plants  was  always  accompanied 
by  the  disappearance  of  carbonic  acid  and  the  exhalation  of  oxygea. 
Plants  which,  in  the  daylight,  exhale  oxygen  and  evolve  heati  if  j 
placed  in  the  dark,  immediately  begin  to  absorb  oxygen  and  exbalal 
carbonic  acid ;  and,  at  the  same  time,  the  evolution  of  heat  is  sus-  [ 
pended.    Dutnxjhet  even  found  that  the  evolution  of  heat  by  plants 
presented  a  regular  diurnal  variation;  and  that  its  maximum  of 
intensity  was  about  the  middle  of  the  day,  ju^  at  the  time  wh<m  the 
absorption  of  carbonic  acid  and  the  ea:halatwn  of  oxygen  are  going  on 
with  the  greatest  activity.     The  proper  heat  of  plants,  therefore,  can- 
not be  the  result  of  oxidation  or  combustion,  but  must  be  dependent 
on  a  different  process. 

in.  In  animals,  the  quantities  of  oxygen  absorbed  and  of  carbonic  ' 
acid  exhaled  do  not  correspond  with  each  other.  Most  frequently 
a  certain  amount  of  oxygen  disappears  in  the  body,  over  and  above 
that  which  is  returned  in  the  breath  under  the  form  of  carbonic 
acid.  This  overplus  of  oxygen  has  been  said  to  unite  with  the 
hydrogen  of  the  food,  so  as  to  form  water  which  also  passes  out 
by  the  lungs;  but  this  is  a  pure  assumption,  resting  on  no  direct 
evidence,  for  we  have  no  experimental  proof  that  any  more  watery 
vapor  is  exhaled  from  the  lungs  than  is  supplied  by  the  fluids  taken 
into  the  stomach.  It  is  superfluous,  therefore,  to  assume  that  any 
of  it  is  produced  by  the  oxidation  of  hydrogen. 

Furthermore,  the  proportion  of  overplus  oxygen  which  disap- 
pears in  the  body,  beside  that  which  is  exhaled  in  the  carbonic  acid 
of  the  breath,  varies  greatly  in  the  same  animal  according  to  the 
quality  of  the  food.  Regnault  and  Reiset^  found  that  in  dogs,  fed 
on  meat,  the  oxygen  which  reappeared  under  the  form  of  carbonic 
acid  was  only  75  per  cent,  of  the  whole  quantity  absorbed ;  while 


■  Annalifi  dtt  CMmle  «t  de  Fh^flique,  3d  Mriea,  ntri.  p.  42S. 
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In  dogs  fed  on  vegetAble  substances  it  amounted  to  over  90  per 
«:eDt.  In  some  instances^'  where  the  animals  (rabbits  and  fowls) 
^were  fed  on  bread  and  grain  exclusively,  the  proportion  of  expired 
oxygen  amounted  to  10 1  or  even  102  per  cent.;  that  is,  mortaxi/gen 
^mipas  actuallif  contained  m  U^e  carbonic  acid  exhaled,  ikan  had  been  ab- 
morbcd  in  a  free  stale  frovi  the  atmosphere.  A  portion,  at  least,  of  the 
«arbonio  acid  must  therefore  have  been  produced  by  other  means 
Shan  direct  oxidation. 

*     lY,  It  has  already  been  shown,  in  a  previous  chapter,  that  the 
carbonic  acid  which  is  exhaled  from  the  lungs  is  not  primarily 
Ibrmed  in  the  blood,  but  makes  its  appearance  in  the  substance  of 
the  tissues  themselves ;  and  furthermore,  that  even  here  it  does  not 
originate  by  a  direct  oxidation,  but  rather  by  a  process  of  decom- 
poaition,  similar  to  that  by  which  it  is  produced  from  sugar  in 
the  alcoholic  fermentation.     We  understand  from  this  how  to  ex- 
plain the  singular  fact  aUuded  to  in  the  kst  pamgrapb,  viz.,  the 
abundant  production  of  carbonic  acid,  under  some  circumstances, 
with  a  comparatively  small  supply  of  free  oxygen.     The  statement 
made  by  Liebig,  therefore^  that  starchy  and  oily  matters  taken  with 
the  food  are  immediately  oxidized  iu  the  circulation  without  ever 
B  being  assimilated  by  the  tissues,  is  without  foundation.     It  never, 
"in  fact,  rested  on  any  other  ground  than  a  supposed  probability; 
and  as  we  see  that  carbonic  acid  is  abundantly  pr*>duccd  in  the 
Kbody  by  other  means,  we  have  no  longer  any  reason  for  assuming, 
without  direct  evidence,  the  existence  of  a  combustive  process  in 
_  the  blood. 


V-  The  evolution  of  heat  in  the  animal  body  is  not  general,  as  it 
would  be  if  it  resulted  from  a  combustion  of  the  blued  ;  but  local, 
eiuce  it  takes  place  primarily  in  the  substance  of  the  tissues  them- 
selves*  Various  causes  will  therefore  produce  a  local  elevation  or 
depression  of  tempera  tare,  by  modifying  the  nutritive  changes  which 
take  place, in  the  tissues.  Local  inflammations  increase  very  sensibly 
le  temperature  of  the  part  in  which  they  are  seated,  while  that  of  the 
aneral  mass  of  the  blood  is  not  altered.  Finally  it  has  been  demon- 
^stxsted  by  Bernard  that  in  the  natural  state  of  the  system  there  is  a 
marked  difierence  in  the  temperature  of  the  different  organs  and  of  the 
blood  returning  from  them,^     The  metho<l  adopted  by  this  experi- 

1  Annatei  d«  Chimie  et  de  Phjftiqae,  3d  fleries,  xxtL  pp,  409-461. 
>  Qiksetie  Hebdomadnlrep  Aug,  29  and  Sept.  26,  IB56. 
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menter  was  to  introduce,  in  the  living  animal,  the  bulb  of  a  fine  itx  , 
mometer  successively  into  the  bloodveseels  entering  and  those  1^^ 
ing  the  various  internal  organs.     The  difference  of  temperature  j 
these  two  situations  showed  whether  the  blood  had  lost  or  gained  j] 
heat  while  traversing  the  capillaries  of  the  organ.   Bernard  found  in 
the  first  place,  that  the  bloo«i  in  passing  through  the  lungs^  so  Gtr 
from  increasing,  was   absolutely  diminished  in  temperature;  tie 
blood  on  the  left  side  of  the  heart  being  sometimes  a  little  mow 
and  sometimes  a  little  less  than  one-third  of  a  degree  Fahr.  lower 
than  on  the  right  side.     This  slight  cooling  of  the  blood  in  iHe 
lungs  is  owing  simply  to  its  exposure  to  the  air  through  the  pnV 
monary  membrane,  and  to  the  vajX)rization  of  water  which  takes 
place  in  these  organs.     In  the  abdominal  viscera,  on  the  contrary, 
the  blood  is  increased  in  temperature.    It  is  sensibly  warmer  in  tk 
portal  vein  than  in  the  aorta ;  and  very  considerably  warmer  in  the 
hepatic  vein  than  in  either  the  portal  or  the  vena  cava.     The  blood 
of  the  hepatic  vein  is  in  fact  warmer  than  that  of  any  other  part 
of  the  body.     The  production  of  heat,  therefore,  according  to  Ber- 
nard's observations,  is  more  active  in  the  liver  than  in  any  oUier 
portion  of  the  system.     As  the  chemical  processes  of  nutrition  are 
necessarily  diflferent  in  the  different  tissues  and  organs,  it  is  easy  to 
understand  why  a  specific  amount  of  heat  should  be  pn^duced  ia 
each  of  them,     A  similar  fact,  it  will  be  recollected,  was  noticed  bj 
Dutrochet,  in  regard  to  the  different  parts  of  the  vegetable  orgaa- 
ism. 


VI.  Animal  heat  has  been  supposed  to  stand  in  a  special  relatioaj 
to  the  production  of  carbonic  acid,  because  in  warm-blot^ded  animals  , 
the  respiratory  process  is  more  active  than  in  those  of  a  lower 
temperature;  and  because,  in  the  same  animal,  an  increase  or  di*  ^ 
minution  in  the  evolution  of  heat  is  accompanied  by  a  correspond*  ■ 
ing  increase  or  diminution  in  the  products  of  respiration.      Bat 
this  is  also  true  of  all  the  other  excretory  products  of  the  body.    An 
elevation  of  temperature  is  accompanied  by  an  increased  activity  j 
of  all  the  nutritive  processes.     Not  only  carbonic  acid,  but  lha| 
ingredients  of  the  urine  and  the  perspiration  are  discharged  in  larger 
quantity  than  usual.     An  increased  supply  of  food  also  is  required, 
as  well  as  a  larger  quantity  of  oxygen;   and  the  digeslivf 
secretory  processes  both  go  on,  at  the  same   time,  with   ui 
activity. 
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Animal  heat,  then,  is  a  phenomenon  which  results  from  the 
simnltaneoos  aotivity  of  many  different  processea^  taking  place  in 
many  different  organa^  and  dependent^  undoubtedly,  on  different 
chemical  changes  in  each  one.  The  introduction  of  oxygen  and 
the  exhalation  of  carbonic  acid  have  no  direct  connection  with  each 
other,  but  are  only  the  beginning  and  the  end  of  a  long  series  of 
changes^  in  which  all  the  tissues  of  the  body  successively  or  simul- 
taneously take  part.  Their  relation  is  precisely  that  which  ex- 
ists between  the  food  introduced  into  the  stomach,  and  the  urine 
discharged  by  the  kidneys.  The  tissues  require  for  their  nutri- 
tion a  constant  supply  of  solid  and  liquid  food  which  is  intro- 
duced through  the  stomach,  and  of  oxygen  which  is  introduced 
through  the  lungs.  The  disintegration  and  decomposition  of  the 
tissues  give  rise,  on  the  one  hand,  to  urea,  uric  acid,  &c.,  which  are 
discharged  with  the  urine,  and  on  the  other^hand  to  carbonic  acid, 
which  is  exl^aled  from  the  lungs.  But  the  oxygen  is  not  directly 
converted  into  carbonic  acid,  any  more  than  the  food  is  directly 
converted  into  urea  and  the  urates. 

Animal  heat  is  not  to  be  regarded,  therefore,  as  the  result  of  a 
combustive  process.  There  is  .no  reason  for  believing  that  the 
greater  part  of  the  food  is  ''  burned"  in  the  circulation.  It  is,  on 
the  contrary,  assimilated  by  the  substance  of  the  tissues ;  and  these, 
in  their  subsequent  disintegration,  give  rise  to  several  excretory 
products,  one  of  which  is  carbonic  acid. 

The  numerous  combinations  and  decompositions  which  follow 
each  other  incessantly  during  the  nutritive  process,  result  in  the 
production  of  an  internal  or  vital  heat,  which  is  present  in  both 
animals  and  vegetables,  and  which  varies  in  amount  in  different 
species,  in  the  same  individual  at  different  times,  and  even  in 
different  parts  and  organs  of  the  same  body. 
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CHAPTER    XIV. 


THE  CIRCXTLATION. 


Ths  blood  may  be  regarded  as  a  nutritious  fluid,  holding  in 
solution  all  the   ingredients  necessary  for  the  formation  of 
tissues.     In  some  animals  and  vegetables,  of  the  lowest  organization 
such  as  infusoria,  polypes,  alga&,  and  the  like,  neither  blood 
circulation  iB  required ;  since  all  parts  of  the  body,  having  a  siinilii 
structure,  absorb  nourishment  equally  from  the  surrounding  mc 
and  carry  on  nearly  or  quite  the  same  chemical  processes  of  groi 
and  assimilation.     In  the  higher  animals  and  vegetables,  bowc 
as  well  as  in  the  human  subject,  the  case  is  diflFerent.     In  them,  1 
structure  of  the  body  is  compound.     Different  organs,  with  widdj 
different  functions,  are  situated  in  different  parts  of  the  frame ;  i 
each  of  these  functions  is  more  or  less  essential  to  the  continv 
existence  of  the  whole.     In  the  intestine,  for  example,  the  process  1 
of  digestion  is  accomplished;  and  the  prepared  ingredients  of  the 
food  are  thence  absorbed  into  the  bloodvessels,  by  which  they  aw 
transported  to  distant  tissues  and  organs.     In  the  lungs,  again,  the 
blood  absorbs  oxygen  which  is  afterward  to  be  appropriated  byJ 
the  tissues;  and  the  carbonic  acid,  first  produced  in  the  tissues,  ij| 
jSnally  exhaled  from  the  lungs.     In  the  liver,  the  kidneys,  and  the 
skin,  other  substances  still  are  produced  or  eliminated^  and  tbe»e 
local  processes  are  all  necessary  to  the  preservation  of  the  genenJ 
organization.     The   circulating  fluid  is,  therefore,  in  the  higher 
animals,  a  means  of  iram^poriation,  by  which  the  substances  pro- 
duced in  particular  organs  are  dispersed  throughout  the  body»  or 
by  which  substances  produced  generally  in  the  tissues  are  oonveywt 
to  particular  organs,  in  order  to  be  eliminated. 

The  circulatory  apparatus  consists  of  four  different  parts^  *ti: 
1st.  The  heart ;  a  hollow,  muscular  organ,  which  receives  the  blood 
at  one  orifice  and  drives  it  out,  in  successive  impulses,  at  another* 
2d.  The  arteries ;  a  series  of  branching  tubes,  which  convey  tl»e 
blood  from  the  heart  to  the  different  tissues  and  organs  of  the  body.  J 
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Sd.  The   capillaries;  a   network  of  minute   ingsculating  tubules, 

which  are  interwoven  with  the  substance  of  the  tissues,  and  which 

bring    the    blood   into   intimate    contact  with  their  component 

parts;  and  4th.  The  veins;  a  aet  of  converging  vessels,  destined 

to  collect   the   blood  from    the  capillaries,  and  return   it   to  the 

heart.     In  each  of  these  different  parts  of  the  circulatory  appa- 

r^itus,  the  movement  of  the  blood  is  peculiar  and  dependent  on 

&p)ecial  conditions.     It  will   therefore   require   to   be   studied  in 

^saich  one  separately. 


THE  HEART, 

The  structure   of  the  heart,  and  of  the  adjacent  vessels,  ya- 

ines    in    different    classes    of   animals,    owing    to    the    different 

arrangement  of  the    respiratory   organs.      For    the    respiratory 

apparatus  being  one   of  the   most   important  in  the  body,  and 

the  one  most  closely  connected 

by  anatomical  relations   with  ^*fi-  '*'* 

the  organs  of  circulation,  the 
latter  are  necessarily  mollified 
in  structure  to  correspond  with 
the  former.  In  fish,  for  exam- 
ple (Fig,  77)r  the  heart  is  an 
organ  consisting  of  two  princi- 
pal cavities ;  an  auricle  (a)  into 
which  the  blood  ia  received  from 
the  central  extremity  of  the 
vena  cava,  and  a  ventricle  (h) 
into  which  the  blood  is  driven 
by  the  contraction  of  the  auricle. 
The  ventricle  ia  considerably 
larger  and  more  powerful  than 
the  auricle,  and  by  its  contrac* 
lion  drives  the  blood  into  the 
maiji  artery  supplying  the  gills, 
lu  the  gills  (cc)  the  blood  is 
arterialized ;  after  which  it  is 
collected  by  the  branchial  veins. 

These  veins  unite  upon  the  median  line  to  form  the  aorta  (d)  by 
which  the  blood  is  finally  distributed  throughout  the  frame.     In 


Cl»ouLATloif   Of   TtMa.  —  n,    AtirlcU.    6. 
V«fttrkl*.    cc.  OiUi,    4.  Aort*.    it.  Ytnm  c»tib. 
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Fig.  7a. 


these  animals  the  respiratory  proceaa  is  not  a  very  active  one ;  bat 
the  gills,  which  are  of  small  size,  being  the  only  respiratory  organs* 
all  the  blood  requires  to  pass  through  them  for  purposes  of  '  n. 

The  heart  here  is  a  single  organ,  destined  only  to  drive  t  :d 

from  the  termiuation  of  the  venous  system  to  the  capillaries  of  the 
gills. 

In  reptiles  the  heart  is  composed  of  two  auricles  and  one 
tricle.  ^ig.  78.)    The  venas  cavaj  discharge  their  blood  into  tb^ 

right  auricle  (a),  whence  it  passes 
into  the  ventricle  (c).     From  the 
ventricle,  a  part  of  it  is  carried 
into    the    aorta    and    distribatid 
throughout  the  body,  while  a  part 
is  sent  to  the  lungs  tbrongh  the 
pulmonary  artery*  The  arterialiaed  * 
blood,  returning  from  the  lungs  by 
the  pulmonary  vein,  is  discharged 
into  the  left  auricle  (h),  and  thence 
into  the  ventricle  {c),   where   n 
mingles   with    the   venous  blood 
which  has  just  arrived  by  the  vena 
cavfle»    In  the  reptile,  therefore, the 
ventricle  is  a  common  organ  of  pr^ 
pulsion,  both  for  the  lunga  and  for 
the  general  circulation.     In  theso 
animals  the  aeration  of  the  blood  in 
the  lungs  is  only  partial ;  a  certain 
portion  of  the  blood  being  carried 
to  the  lungs  by  the  pulmonary  artery,  just  as  in  the  human  subject, 
it  is  only  a  portion  of  the  blood  which  is  carried  to  the  kidney  bjr 
the  renal  artery.    This  arrangement  is  sufficient  for  the  reptiles^ 
because  in  many  of  them,  such  as  serpents  and  turtles  the  langs 
are  much  more  extensive  and  efficient,  as  respiratory  organs^  tban 
the  gills  of  fish ;  while  in  others,  such  as  frogs  and  waterdizardi^ ' 
the  integument  itself,  which  is  moist,  smooth,  and  naked^  also  takes 
an  important  share  in  the  aeration  of  the  blood. 

In  quadrupeds  and  the  human  species,  however,  the  respiratory 
process  is  not  only  exceedingly  active,  but  the  lungs  are,  at  the 
same  time,  the  only  organs  in  which  the  aeration  of  the  bIcN>d  is 
fully  accomplished.  Here,  accordingly,  we  find  the  two  circtilatioa^ 
general  and  pulmonary,  distinct  from  each  other.  (Fig.  79*)     AH 


BLglit  luricle.  b.  L«fk«artel»    cr.  VeDtr?el«. 
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tbe  blood  returning  from  the  body  by  the  veins  must  pass  through 
the  lungs  before  it  is  again  distributed  through  the  arterial  system. 
We  have  therefore  a  double 

circulation    and    a    double  y>«-  79. 

heart;  the  two  sides  of  the 
organ,  though  united  exter- 
nally, being  separate  inter- 
nally. The  mammalian  heart 
coD^sts  of  a  right  auricle 
and  ventricle  (a,  h\  receiving 
the  blood  from  the  vena  cava 
(i),  and  driving  it  to  the  lungs ; 
and  a  left  auricle  and  ventri- 
cle (/  g)  receiving  the  blood 
from  the  lungs  and  driving  it 
outward  through  the  arterial 
system. 

In  the  complete  or  double 
mammalian  heart,  the  difter- 
ent  parts  of  the  organ  present 
certain  peculiarities  and  bear 
certain  relations  to  each  other, 
■  '  '  hit  is  necessary  to  under- 

i  before  we  can  properly  appreciate  its  action  and  movements. 
The  entire  organ  has  a  more  or  less  conical  form,  its  base  being  situ- 
ated on  the  median  line,  directed  upward  and  backward;  the  whole 
being  suspended  in  the  chest,  and  loosely  fixed  to  the  spinal  column, 
by  the  great  vessels  which  enter  and  leave  it  at  this  point.  The 
apex,  on  the  contrary,  is  directed  downward,  forward,  and  to  the 
left*  surrounded  by  the  pericardium,  but  capable  of  a  certain  de- 
gree of  lateral  and  rotatory  motion.  The  auricles,  which  have  a 
smaller  capacity  and  thinner  walls  than  the  ventricles,  are  situ- 
ated at  the  upper  and  posterior  part  of  the  organ  (Figs.  80  and  81); 
while  the  ventricles  occupy  its  anterior  and  lower  portions.  The 
two  ventricles,  moreover,  are  not  situated  on  the  same  plane,  but 
the  right  ventricle  occupies  a  position  somewhat  in  front  and  above 
that  of  the  left ;  so  that  in  an  anterior  view  of  the  heart  the  greater 
portion  of  the  left  ventricle  is  concealed  by  the  right  (Fig,  80),  and  in 
a  posterior  view  the  greater  portion  of  the  right  ventricle  is  con- 
cealed by  the  left  (Fig.  81);  while  in  both  positions  the  apex  of  the 
heart  is  constituted  altogether  by  the  point  of  the  left  ventricle. 


CUtCrLATlOV    l«   M AMUAtlAHI.  — «.    RlfrM 
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ItcNAii  UicART,  aiit«rtAr  Tl«fr.— 
a.   Blgbt  teatricle.    6.  L«ft  v«ttlrl«i«. 

PalmoiiArjr  artniT'.    /  Aorta. 


Hl'MAJi   llKJLtT*  pcMteritir   tt«w.^ 
I.    Rlitf  Itt  ««ntrlcl«,     fr.    Liifl   veiiUtclt. 


The  different  cavities^f  the  heart  and  of  the  adjacent  blood  vess*^! 
on  each  side,  though  oontinuoas  with  each  other,  are  partially  sep* 
rated  by  certain  constrictions.   These  constricted  orifices,  by  wbici 
the  different  cavities  communicate,  are  known  by  the  names  of  tij^l 

Fig.  82. 


StQBT  AvftTCLB  Anp  VgRTKiCLi;  Aotlealo-yoiildeaUr  T«lT«a  open,  Art«rUl  TftWct  «tiwc4. 

auricular^  auTiculo- ventricular,  and  aortic  and  pulmonary  orifices: 
the  auricular  orifices  being  the  passages  from  the  venae  cavie  and 
pulmonary  veins  into  the  ri^^ht  and  lefl  auricles;  the  auriculo- 
ventricular  orifices  leading  from  tlje  auricles  into  the  ventncles; 
and  the  aortic  and  pulmonary  orifices  leading  from  the  veatricles 
into  the  aortic  and  pulmonary  arteries  respectively* 
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The  auriculo- ventricular,  aortic,  and  pulmonary  orifices  are  fur- 
shed  with  valves,  which  allow  the  blood  to  pass  readily  from 
i  auricles  to  the  ventricles,  and  from  the  ventricles  to  the  arte- 
«,  but  shut  back  in  such  a  manner  as  to  prevent  its  return  in 
5  opposite  direction.  The  course  of  the  blood  through  the 
BLirt  is,  therefore,  as  follows*  From  the  vena  cava  it  passes  into 
5  right  auricle ;  and  from  the  right  auricle  into  the  right  ven* 
riol€-  (Fig.  82.)  On  the  contraction  of  the  right  ventricle,  the  tri- 
sp>id  valves  shut  back,  preventing  its  return  into  the  auricle 
ig,83);  and  it  is  thus  driven  through  the  pulmonary  artery  to  the 

Fig.  83. 


BtiiBT  Ai7  2iCL«  Ait]>  VcvTBicLs;  AaHcalo-TeotrletilAr  V»lT*t  elo««cl,  Art«fial  ValvM  opio. 

langs.  Betuming  from  the  lungs,  it  enters  the  left  auricle,  thence 
ptases  into  the  left  ventricle,  from  which  it  is  finally  delivered  into 
the  aorta,  and  distributed  throughout  the  body.  (Fig.  84.)  Tliis 
movement  of  the  blood,  however,  through  the  cardiac  cavities,  is 
not  a  continuous  and  steady  flow,  but  is  accomplished  by  alternate 
contractions  and  relaxations  of  the  muscular  parietes  of  the  heart 
flo  that  with  every  impulse,  successive  portions  of  blood  are  received 
by  the  auricles,  delivered  into  the  ventricles,  and  by  them  dis- 
charged into  the  arteries.  Each  one  of  these  successive  actions  is 
called  a  beat,  or  puhaiion  of  the  heart. 

Each  pulsation  of  the  heart  is  accompanied  by  certain  important 
phenomena,  which  require  to  be  studied  in  detail.  These  are  the 
soundSf  the  movementSf  and  the  impuUe, 
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The  sounds  of  tbe  heart  are  two  in  number.    They  can  readiljbe 
heard  by  applying  the  ear  over  the  cardiac  region,  when  they  are 
found  to  be  quite  different  from  each  other  in  position,  in  tone;  and 
in  duration.     They  are  distinguished  as  the  Jirsl  and  second  soundfl 
of  the  heart    The  first  sound  is  beard  with  the  greatest  intensity! 
over  the  anterior  surface  of  the  heart,  and  more  particularly  over  j 
the  fifth  rib  and  the  fifth  intercostal  space.     It  is  long,  dull,  i 
smothered  in  tone,  and  occupies  one-half  the  entire  duration  of  i 
single  beat.     It  corresponds  in  time  with  the  impulse  of  the  heart 
in  the  precordial  region,  and  the  stroke  of  the  large  arteries  in  th^i 
immediate  vicinity  of  the  chest    The  second  sound  follows  irome-J 
diately  upon  the  first     It  is  heard  most  distinctly  at  the  atustio 
of  the  aortic  and  pulmonary  valves,  viz.,  over  the  sternum  at  iia\ 
level  of  the  third  costal  cartilage.     It  is  short,  sharp,  and  distiQ 
in  tone,  and  occupies  only  about  one-quarter  of  the  whole  time  ( 
a  pulsation.    It  is  followed  by  an  equal  interval  of  silence;  illef 
which  the  first  sound  again  recurs.    The  whole  time  of  a  oardiio 
pulsation  may  then  be  divided  into  four  quarters,  of  which  the  int 
two  are  occupied  by  the  first  sound,  the  third  by  the  second  aonnd 
and  the  fourth  by  an  interval  of  silence^  as  follows : — 
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imSot  pnlsatioti* 


flit  quarter  U.^ 
3d         **       I 

3d        ^'         Second  floand. 
4tb       **         IntoiT&l  of  ailenee. 


The  cansr  of  the  second  sound  is  universally  acknow'ledged  to  be 
the  sudden  closure  and  tension  of  the  aortic  and  pulmonary  valves. 
This  fact  is  established  by  the  following  proofs:  lat,  this  sound  is 
beard  with  perfect  distinctness,  as  we  have  already  mentioned, 
directly  over  the  situation  of  the  above-mentioned  valves ;  2d,  the 
irther  we  recede  in  any  direction  from  this  pointy  the  fainter  be- 
3mes  the  sound ;  and  3dt  in  experiments  upon  the  living  animal, 
often  repeated  by  different  observers,  it  has  been  found  that  if  a 
Burved  needle  be  introduced  into  the  base  of  the  large  vessels,  so 

to  hook  back  the  semilunar  valves,  the  second  sound  at  once  dis- 

^pear%  and  remains  absent  until  the  valve  is  again  liberated.  These 
Falves  consifit  of  fibrous  sheets,  covered  with  a  layer  of  endocardial 
epithelium.  They  have  the  form  of  semilunar  festoons,  the  free 
edge  of  which  is  directed  away  from  the  cavity  of  the  ventricle, 
while  the  attached  edge  is  fastened  to  the  inner  surface  of  the  base 
of  the  artery.  While  the  blood  is  passing  from  the  ventricle  to  the 
artery^  these  valves  are  thrown  forward  and  relaxed ;  but  when  the 
artery  reacts  upon  its  contents  they  shut  back^  and  their  fibres,  be- 
coming suddenly  tense,  yield  a  clear,  characteristic,  snapping  sound. 

The  production  of  the  Jir$t  sound  has  been  attributed  to  a 

iariety  of  causes ;  such  as  the  rush  of  blood  through  the  cardiac 
rifices,  the  muscular  contraction  of  the  parietea  of  the  heart,  the 
^nsion  of  the  auriculo-ventricular  valves,  the  collision  of  the  par- 
oles of  blood  with  each  other  and  with  the  surface  of  the  ventricle, 
c.  4c.     We  believe,  however,  with  Andry'  and  some  others,  that 
the  first  sound  of  the  heart  has,  for  the  most  part,  a  similar  origin 
^Brith  the  second ;  and  that  it  is  dependent  mainly  on  the  closure  ff  the 
^^uriculo'Ventricular  valves.    The  reasons  for  this  conclusion  are  the 
^^Uowing:  — 

^^   1st,  The  second  sound  is  undoubtedly  caused  by  the  closure  of 
semilunar  valves,  and   in  the  action  of  the  heart  the  move- 
lenta  of  the  two  sets  of  valves  alternate  with  each  other  precisely 
sm  do  the  first  and  second  sounds ;  and  the  sudden  tension  of  the 
valvular  fibres  is  calculated  to  produce  a  similar  eftect  in  each 
viiiatopce- 


IHuaftea  of  tlie  Heart,  Knecslatid's  Translation,  Boston,  1846, 
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2d.  The  first  sound  is  heard  most  distinctly  over  the  anterior  surfiioe] 
of  the  ventricles,  where  the  tendinous  cords  supporting  the  auriculo- 
ventricular  valves  are  inserted,  and  where  the  sound  produced  by 
the  tension  of  these  valves  is  most  readily  conducted  to  the  ear. 

3d.  There  is  no  reason  to  believe  that  the  current  of  blood  through  ; 
the  cardiac  orifices  could  give  rise  to  an  appreciable  sounds  so  long  J 
as  these  orifices,  and  the  cavities  to  which  they  lead,  have  their] 
normal  dimensions.     An  unnatural  souflHe  may  indeed  originate  1 
from  this  cause  when  the  orifices  of  the  heart  are  diminished  in  i 
size,  as  by  calcareous  or  fibrinous  deposits;  but  in  these  instances] 
the  sound  so  produced  is  an  abnormal  one,  and  different  in  charac- 
ter from  the  natural  first  sound  of  the  heart.     A  souffle  may  also] 
occur  in  cases  of  aneurism;  and  a  similar  sound  may  even  be  pro- 
duced at  will  in  any  one  of  the  largo  arteries  by  pressing  firmly 
upon  it  with  the  end  of  a  stethoscope,  so  as  to  diminish  its  calibre. 
But  in  all  these  instances,  the  abnormal  sound  occurs  only  in  con- 
sequence of  a  disturbance  in  the  natural  relation  existing  between 
the  volume  of  the  blood  and  the  size  of  the  orifice  through  which  it 
passes*     In  the  healthy  heart,  the  size  of  the  different  orifices  is  in 
proportion  to  the  quantity  of  the  circulating  fluid ;  and  there  is  no  more 
reason  for  believing  that  the  passage  of  the  blood  should  give  riseio 
a  sound  in  the  cardiac  cavities  than  in  the  larger  arteries  or  veins. 

4th,  The  diflferenee  in  character  between  the  two  sounds  of  the 
heart  probably  depends,  in  great  measure,  on  the  different  arrange- 
ment of  the  two  sets  of  valves.    The  second  sound  is  short,  sharp, 
and  distinct,  because  the  semilunar  valves  are  short  and  narrow, 
superficial   in  their  situation,  and  supported  by  the  dense  and  I 
fibrous  bases  of  the  aortic  and  pulmonary  arteries.    The  first  sound  j 
is  dull  and  prolonged,  because  the  auriculo-ventricular  valvea  are  I 
broad  and  deep-seated,  and  are  attached,  by  their  long  chord®  ten* 
dineae,  to  the  comparatively  soft  and  yielding  fleshy  columns  of] 
the  heart.   The  diflerence  between  the  first  and  second  sounds  ean« " 
in  fact,  be  easily  imitated,  by  simply  snapping  between  the  fingers 
two  pieces  of  tape  or  ribbon,  of  the  same  texture  but  of  different  i 
lengths.  (Fig.  85.)  The  short  one  will  give  out  a  distinct  and  sharp  j 
sound ;  the  long  one  a  comparatively  dull  and  prolonged  sound. 

Together  with  the  first  sound  of  the  heart  there  is  also  heard  a 
friction  sound,  or  sound  of  impulsion,  produced  by  the  collision  of  ^ 
the  point  of  the  heart  with  the  parietes  of  the  chest*     This  sound,  j 
which  is  most  distinctly  heard  in  the  fifth  intercostal  space,  is  min- 
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gled  with  the  valvular  sound  whitth  occurs  at  the  same  time.    It  is 

Percnt,  however,  in  charaeter  from  the  latter,  and  may  usually  be 
iinguished  from  it  by  careful  examination.   It  has  been  observed 
Dy  Prof.  Austin  Blint,'  that  it  may  be  more  or  less  completely  elimi- 
natei  by  ausculting  the  heart  at  a  distance  from  its  apex,  so  that 
the  first  sound  may  then  be  heard  purely  valvular  in  qualit}^  and 
^■irely  similar  to  the  second  sound  in  all  its  essential  charucters* 

B  Pig.  8& 

m 

The  m(nf€ment&  of  the  heart  during  the  time  of  a  pulsation  are 
of  a  peculiar  character,  and  have  been  very  often  erroneously 

K scribed.    In  fact  altogether  the  best  description  of  the  move- 
nts of  the  heart  which  has  yet  appeared,  is  that  given  by  Wil- 
liam Harvey,  in  his  celebrated  work  on  the  Moiimi  of  the  Seart  and 
|K|0Of/,  published,  in  162S.     He  examined  the  motion  of  the  heart 
^y^  opening  the  chest  of  the  living  animal  *  and  though  the  same  or 
I  sJmilar  experiments  have  been  frequently  performed  since  his  time, 
^B^  descriptions  given  by  subsequent  observers  have  been  for  the 
^Bst  part  singularly  inferior  to  his,  both  in  clearness  and  fidelity* 
^B^  method  which  we  have  adapted  for  examining  the  motions  of 
tbe  heart  in  the  dog  is  as  follows :     The  animal  is  first  rendered 
ioBeiisible  by  ether,  or  by  the  inoculation  of  woorara.     The  latter 
is  preferable,  since  a  long-continued  etherization  seems  to 
9rt  a  sensibly  depressing  effect  on  the  heart's  action,  which  is 
the  case  with   woorara.     The  trachea   is  then   exposed  and 
Bned  just  below  the  larynx,  and  the  nozzle  of  a  bellows  inserted 
and  secured  by  ligature.     Finally,  the  chest  is  opened  on  the  me- 
dian line,  its  two  sides  widely  separated,  so  as  to  expose  the  heart 
and  lungs,  the  pericardium  slit  up  and  carefully  cut  away  from  its 
yflUachments^  and  the  lungs  inflated  by  insufflation  through  the 
cliea.    By  keeping  up  a  steady  artificial  respiration,  the  move- 

Ictirt-SouDda  in  Healtli  and  Disease.     Priie  JSssajr  of  llie  Amerioan  Medioikl 
cUtion.     TniBtaotions  of  1^58^  p.  S25. 
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ments  of  the  heart  may  be  made  to  continue,  in  favorable  casas^  fc 
more  than  an  hour ;  and  its  actions  may  be  studied  by  direct  obaei 
vation,  like  those  of  any  external  organ. 

The  examin:ition,  however,  requires  to  be  conducted  with  ccj 
precautions,  which  are  indispens^able  to  success.  When  the  heart 
is  first  exposed,  its  movements  are  so  complicated,  and  recur  wii 
such  rapidity,  that  it  is  difficult  to  distinguish  them  perfectly  froi 
each  other,  and  to  avoid  a  certain  degree  of  confusion*  Sing 
SLS  it  may  seem,  it  is  even  difficult  at  first  to  determine  what  peri< 
in  the  heart's  pulsation  corresponds  to  contraction,  and  what 
relaxation  of  the  organ.  We  have  even  seen  several  medical  men^ 
watching  together  the  pulsations  of  the  same  heart,  unable  to  agree 
upon  this  point.  It  is  very  evident,  indeed,  that  several  English^ 
and  continental  observers  have  mistaken,  in  their  examinations^  tb^H 
contraction  for  the  relaxation,  and  the  relaxation  for  the  contrac- 
tion.  The  first  point,  therefore,  which  it  is  necessary  to  decide,  i 
examining  the  successive  movements  of  a  cardiac  pulsation,  is  th( 
following,  viz :  Which  is  (he  contraction  and  which  the  rdojoaiion  of 
the  ventricles  P  The  method  which  we  have  adopted  is  to  pass  a 
small  silver  canula  directly  through  the  parietes  of  the  left  i-ea* 
tricle  into  its  cavity.  Tbe  blood  is  then  driven  from  the  external 
orifice  of  the  canula  in  interrupted  jets;  each  jet  indicating  the 
time  at  which  the  ventricle  contracts  upon  its  contents,  Tbe 
canula  is  then  withdrawn,  and  tbe  different  muscular  layers  of  thf 
ventricular  walls,  crossing  each  other  obliquely,  close  the  opening 
so  that  there  is  little  or  no  subsequent  hemorrhage. 

When  the  successive  actions  of  contraction  and  relaxation  have     | 
by  this  means  been  fairly  recognized  and  distinguished  from  each 
other,  the  cardiac  pulsations  are  seen  to  be  characterized  by  the 
following  phenomena.     The  changes  in  form  and  position  of  the  J 
entire  heart  are  mainly  dependent  on  those  of  the  ventricles,  which  V 
contract  simultaneously  with  each  other,  and  which  constitute  much 
the  largest  portion  of  the  entire  mass  of  the  organ. 

1.  At  the  time  of  its  contraction  the  heart  hardens.  This  pheno- 
menon is  exceedingly  well  marked,  and  is  easily  appreciated  by 
placing  the  finger  upon  the  ventricles,  or  by  grasping  them  between 
the  finger  and  thumb.  The  muscular  fibres  become  swollen  and 
indurated,  and,  if  grasped  by  the  hand,  communicate  the  sensatioa 
of  a  somewhat  sudden  find  powerful  shock.  It  is  this  forcible  indu* 
ration  of  the  heart,  at  the  time  of  contraction,  which  has  been  mis- 
taken bj  some  writers  for  an  active  dilatation^  and  described  as 
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tell.  It  is^  however,  a  phenomenon  precisely  similar  to  that  which 
ces  place  in  the  contraction  of  a  voluntary  muscle,  which  becomea 
swollen  and  indurated  at  the  same  moment  and  in  the  same  propor- 
tion that  it  diminishes  in  length. 

2,  At  the  lime  of  contraction,  the  point  of  the  heart  protrudes, 
and^  coming  in  contact  with  the  walls  of  the  chest,  produces  the 
cardiac  impulse.  This  action  i\^s  well  described  by  Dr.  Harvey.' 
*'  The  heart,"  he  says,  "  is  erected,  and  rises  upward  to  a  point,  so 

aat  ut  this  time  it  strikes  against  the  chest  and  the  pulse  is  felt  ex- 
lally."  This  phenomenon  is  due  to  an  elongation  of  the  ventri- 
cle, by  which  its  point  is  thrown  forward  at  the  same  time  that  its 
sides  are  drawn  together.  The  elongation  of  the  heart,  however, 
has  often  been  denied  by  physiological  writers.  The  only  modern 
observers,  so  far  a.s  we  are  aware,  who  have  recognized  its  exist- 
ence, are  Drs.  C*  W.  Pennock  and  Edward  M,  Moore,  who  performed 
a  serie-s  of  very  careful  and  interesting  experiments  on  the  action 
of  the  hearty  in  Philadelphia,  in  the  year  1839.'  These  experi- 
menters operated  upon  calves,  sheep,  and  horses,  by  stunning  the 
atximal  with  a  blow  upon  the  head,  opening  the  chest,  and  keeping 
tip  artificial  respiration.  They  observed  an  elongation  of  the  ven- 
tricle at  the  time  of  contraction,  and  were  even  able  to  measure  its 
extent  by  applying  a  shoemaker^s  rule  to  the  heart  while  in  active 
motion*  We  are  able  to  corroborate  the  statement  of  these  ob- 
servers by  the  result  of  our  o^^ti  experiments  on  dogs,  rabbits  and 
frogs.  The  appearances  presented  by  the  heart,  in  active  motion, 
are  somewhat  modified  by  the  direction  in  which  it  is  examined. 
If  viewed  anteriorly,  the  right  ventricle  with  the  conns  arterio- 
situated  over  the  front  of  the  organ,  comes  prominently  into 
Bew;  and  its  fibres,  running  from  above  downward  and  from  right 
to  left,  tilt  the  apex  of  the  heart,  at  the  time  of  contraction,  diago- 
nally forward  and  to  the  right  side.  But  if  the  heart  be  turned 
upward,  so  as  to  expose  the  posterior  surface  of  the  organ,  which  is 
constituted  almost  altogether  by  the  left  ventricle,  the  elongation 
of  its  figure,  at  the  moment  of  contraction,  may  be  distinctly  seen. 
At  this  time,  the  sides  of  the  ventricle  approximate  each  other  and 
its  point  protrudes ;  so  that  the  transverse  diameter  of  the  heart  is 
linished,  and  its  longitudinal  diameter  increased*     This  does  not 

spear  to  be  due  to  a  recoil  of  the  entire  heart,  but  is  a  real  elonga* 


1  Workft  of  WniUm  Hurrcv,  M.D.     Sydenham  cd.,  LoDdon,  1847,  p.  21. 
»  Phlladelpbiii  Medical  Examiner.  Ko.  44, 
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The  auricula- ventricular,  aortic,  and  pulmonary  orifices  are  fur- 
nished with  valves,  which  allow  the  blood  to  pas3  readily  from 
the  auricles  to  the  ventricles,  and  from  the  ventricles  to  the  arte- 
neS|  but  shut  back  Iq  such  a  manner  as  to  prevent  its  return  in 
the  opposite  direction.  The  course  of  the  blood  through  the 
heart  is.  therefore,  as  follows.  From  the  vena  cava  it  passes  into 
the  right  auricle;  and  from  the  right  auricle  into  the  right  ven- 
tricle, (Fig,  82.)  On  the  contraction  of  the  right  ventricle,  the  tri- 
cuspid valves  shut  back,  preventing  its  return  into  the  auricle 
(Fig,  83);  and  it  is  thus  driven  through  the  pulmonary  artery  to  the 

Fig.  88. 


BiaiiT  Ao&tCLB  AirD  VtiTTBioLK;  Aarienlo-veDtriealAr  Vftlf M  eloMsd,  Arterial  ValrM opao, 

lungs.  Returning  from  the  Inngs,  it  enters  the  left  auricle,  thence 
passes  into  the  left  ventricle,  from  which  it  is  finally  delivered  into 
the  aorta,  and  distributed  throughout  the  body,  (Fig.  84.)  This 
movement  of  the  blood,  however,  through  the  cardiac  cavities,  ia 
not  a  continuous  and  steady  flow,  but  is  accomplished  by  alternate 
contractions  and  relaxations  of  the  muscular  parietes  of  the  heart 
so  that  with  every  impulse,  successive  portions  of  blood  are  received 
by  the  auricles,  delivered  into  the  ventricles,  and  by  them  dis- 
charged into  the  arteries.  Each  one  of  these  successive  actions  is 
GoUed  a  beat,  or  pulsation  of  the  heart. 

Each  pulsation  of  the  heart  is  accompanied  by  certain  important 
phenomena,  which  require  to  be  studied  in  detail.  These  are  the 
munds,  the  mavtmenis^  and  the  impulse. 
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90);  their  points  of  origin  and  attachmeot  being  still  the  Aur]CQlo> 
ventricular  ring,  and  the  points  of  the  fleshy  columns.     The  entire^ 
arrangement  of  the  muscular  bundles  may  be  readily  seen  m 
heart  which  has  been  boiled  for  six  or  eight  hours^  so  as  to  sofl 
the  connecting  areolar  tissue^  and  enable  the  fibrous  layers  to  btl 
easily  separated  from  each  other. 

By  far  the  greater  part  of  the  mass  of  the  fibres  have  thereforo| 
a  circular  instead  of  a  longitudinal  direction.  When  they  contract^ 
their  action  tends \o  draw  the  lateral  walls  of  the  ventricles  together,  j 
and  thus  to  diminish  the  transverse  diameter  of  the  heart;  but  as 
each  muscular  fibre  becomes  thickened  in  direct  proportion  to  its 
contraction,  their  combined  lateral  swelling  necessarily  pushes  out 
the  apex  of  the  ventricle,  and  the  heart  elongates  at  the  same  time  ^ 
that  its  sides  are  drawn  together.  This  effect  is  illustrated  in  the  ^ 
accompanying  diagram  (Fig*  91),  where  the  white  lines  show  the 
figure  of  the  heart  during  relaxation,  with  the  course  of  its  circular 
fibres,  while  the  dotted  line  shows  the  narrowed  and  elongated 
figure  necessarily  produced  by  their  contraction.  This  phenomenon, 

therefore,  of  the  protrusion  of  the  apex 
Fi^«  91.  of  the  heart  at  the  time  of  contraction,  is  , 

not  only  fully  established  by  observatioiu  j 
but  is  readily  explained  by  the  anatoEnicalj 
structure  of  the  organ* 

3.  Simultaneously  with  the  hardening 
and  elongation  of  the  heart,  its  apex  moves 
slightly  from  left  to  right,  and  rotates  abo 
upon  its  own  axis  in  the  same  directioiL 
Both  these  movements  result  from  the 
j)eculiar  spiral  arrangement  of  the  cardiac 
fibres.  If  we  refer  again  to  the  precediog 
diagrams,  we  shall  see  that,  provided  iht 
fibres  were  arranged  in  simple  longitudi* 
nal  loops  (Fig.  88),  their  contraction  would 
merely  have  the  effect  of  drawing  the  point  of  the  heart  dirodljT 
upward  in  a  straight  line  toward  its  base.  On  the  other  hand,  if 
they  were  arranged  altogether  in  a  circular  direction  (Fig.  9\\ 
the  apex  would  be  simply  protruded^  also  in  a  direct  Hbc^ 
without  deviating,  or  twisting  either  to  the  right  or  to  the  left.] 
But  in  point  of  fact,  the  superficial  fibres,  as  we  have  already  de- 
scribed,  run  spirally,  and,  curling  round  the  point  of  the  heart, 
turn  inward  toward  its  base:  so  that  if   ' 
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iewed  externally,  it  Tirill  ba  seen  that  the  superficial  fibres  con- 

rge  toward  its  central  point  in  curved 

aes,  as  in  Fig.  92.    It  is  well  known  that 

ery  curved  muscular  fibre,  at  the  time  of 

^ts    shortening,   necessarily    approximates 

more  or  less  to  a  straight  line.     Its  curva- 

I     ture  is  diminished  in  exact  proportion  to  the 

^^xtent  of  its  contraction ;  and  if  arranged 

^wi  a  spiral  form,  its  contraction  tends  in  the 

Hiame  degree  to  untwist  the  spiral.    During 

the  contraction  of  the  heart,  therefore,  its 

apex  rotates  on  its  own  axis  in  the  direction 

indicated  by  the  arrows  in  Fig.  92,  viz,,  from 

left  to  right  anteriorly,  and  from  right  to  left  posteriorly.     This 

t»roduce3  a  twisting  movement  of  the  apex  in  the  above  direction, 

^Brhich  is  %'ery  perceptible  to  the  eye  at  each  pulsation  of  the  heart, 

when  exposed  in  the  living  animal. 

The  protrusion  of  the  point  of  the  heart  at  the  time  of  con- 

ction,  together  with  its  rotation  upon  its  axis  from  left  to  right, 

brings  the  apex  of  the  organ  in  contact  with  the  parietes  of  the 

best,  and  protluces  the  shock  or  impulse  of  the  heart,  which  is 

^f^eadily  perceptible  externally,  both  to  the  eye  and  to  the  touch. 

In  the  human  subject,  when  in  an  erect  position,  the  heart  strikes 

be  chest  in  the  fifth  intercostal  space,  midway  between  the  edge 

be  sternum  and  a  line  drawn  perpendicularly  through  the  left 

pie.     In  a  supine  position  of  the  body,  the  heart  falls  a\^ay  from 

lie  anterior  parietes  of  the  cliest  so  much  that  the  impulse  may 

iisappear  for  the  time  altogether-    This  alternate  recession  and 

advance  of  the  point  of  the  heart,  in  relaxation  and  contraction, 

provided  for  by  the  anatomical  arrangement  of  the  pericardium. 

ind  the  existence  of  the  pericardial  fluid.     As  the  heart  plays  back- 

rard  and  forward,  the  pericardial   fluid  constantly   foUows  its 

movements,  receding  as  the  heart  advances,  and  advancing  as  the 

recedes.    It  fulfils,  in  this  respect,  the  same  purpose  as  the 

aovial  fluid,  and  the  folds  of  adipose  tissue  in  the  cavity  of  the 

irge  articulations ;  and  allows  the  cardiac  movements  to  take  place 

to  their  full  extent  without  disturbing  or  injuring  in  any  way  the 

adjacent  organs. 

^^    5.  The  rhythm  of  the  heart's  pulsations  ia  peculiar  and  somewhat 

^complicated.    Each  pulsation  is  made  up  of  a  double  series  of  con- 

^tractions  and  relaxations.    The  two  auricles  contract  together,  and 


264 


THE    CIRCULATION* 


afterward  tte  two  ventricles ;  and  in  each  case  the  contraction  i$ 
immediately  followed  by  a  relaxation.    The  auricular  contraetioQ 
is  short  and  feeble,  and  occupies  the  first  part  of  the  time  of 
pulsation-     The  ventricular  contraction  is  longer  and  more  powertol,^ 
and  occupies  the  latter  part  of  the  same  period.    Following  the 
ventricular  contraction  there  cornea  a  short  interval  of  repose,  after 
which  the  auricular  contraction  agaius  recurs.    The  auricular  and. 
ventricular  contractions^  however,  do   not  alternate  so  distinctly 
with  each  other  (like  the  strokes  of  two  pistons)  as  we  should 
led  to  believe  from  the  accounts  which  have  been  given  by  aon 
observers.    On  the  contrary,  they  are  connected  and  continaoua 
The  contraction,  which  commences  at  the  auricle,  is  immedi&tdyJ 
propagated  to  the  ventricle,  and  runs  rapidly  from  the  base  of  tbol 
heart  to  its  apex,  very  much  in  the  manner  of  a  peristaUic  motion,! 
except  that  it  is  more  sudden  and  vigorous. 

William  Ilarvey,  again,  gives  a  better  account  of  this  part  of  tb€ 
heart^^  action  than  has  been  published  by  any  subsequent  writer. 
The  following  exceedingly  graphic  and  appropriate  description  J 
taken  from  his  book,  shows  that  he  derived  his  knowledge,  no 
from  any  secondary  or  hypothetical  sources,  but  from  direct 
careful  study  of  the  phenomena  in  the  living  animaL 

"  First  of  all,"  he  says/  'Uhe  auricle  contracts,  and  in  the  cour 
of  its  contraction  throws  the  blood  (which  it  contains  in  ample  ^ 
quantity  as  the  head  of  the  veina^  the  storehouse  and  cistern  of  the 
blood)  into  the  ventricle^  which  being  filled,  the  heart  raises  itself  j 
straightway,  makes  all  its  fibres  tense,  contracts  the  vcntriclea^  and  I 
performs  a  beat,  by  which  beat  it  immediately  sends  the  blood] 
supplied  to  it  by  the  auricle,  into  the  arteri^ ;  the  right  ventricle  J 
sending  its  charge  into  the  lungs  by  the  vessel  which  is  called ' 
arteriosa,  but  which,  in  structure  and  function,  and  all  things  elji^l 
is  an  artery ;  the  lell  ventricle  sending  its  charge  into  the  aorta. 
and  through  this  by  the  arteries  to  the  body  at  large. 

"  These  two  motions,  one  of  the  ventricles,  another  of  the  aoride^ 
take  place  consecutively,  but  in  such  a  manner  that  there  is  a  kind 
of  harmony  or  rhythm  preserved  between  them,  the  two  concurring 
in  such  wise  that  but  one  motion  is  apparent,  especially  in  ike 
warmer  blooded  animals,  in  which  the  movements  in  question  aft 
rapid.  Nor  is  this  for  any  other  reason  than  it  is  in  a  piece  of  | 
machinery,  in  which,  though  one  wheel  gives  motion  to  another, ' 
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yet  all  the  wheels  seem  to  move  Bimultaneously ;  or  id  that 
mechamcal  contrivance  which  is  adapted  to  fire-arms,  where  the 
trigger  being  touched,  do\m  comes  the  flinty  strikes  against  the 
steely  elicits  a  spark,  which  falling  among  the  powder,  it  is  ignited, 
tipoa  which  the  flame  extends,  enters  the  barrel,  causes  the  explo* 
fiion,  propels  the  ball,  and  the  mark  is  attained;  all  of  which  inci- 
dents, by  reason  of  the  celerity  with  which  they  happen,  seem  to 
take  place  in  the  twinkling  of  an  eye," 

The  above  description  indicates  precisely  the  manner  in  which 
the  contraction  of  the  ventricle  follows  successively  and  yet  con- 
tinuously upon  that  of  the  auricle.    The  entire  action  of  the  auriclea 
and  ventricles  during  a  pulsation  is  accordingly  as  follows:   The 
contraction   begins,    as  we   have   already   stated,    at   the   auricle* 
Thence  it  runs  immediately  forward  to  the  apex  of  the  heart.     The 
entire  ventricle  contracts  vigorously,  its  walls  harden,   its  apex 
protrudes,  strikes  against  the  walls  of  the  chest,  and  twists  from 
to  rights  the  auriculo-ventricular  valves  shut  back,  the  first 
3und   is  produced,  and  the  blood  is  driven  into  the  aorta  and 
pulmooary  artery.    These  phenomena  occupy  about  one-half  the 
ime  of  an  entire  pulsation.     Then  the  ventricle  is  immediately 
relaxed,  and  a  short  period  of  repose  ensues.     During  this  period 
the  blood  flows  in  a  steady  stream  from  the  large  veins  into  the 
_^auricle,  and  through  the  auriculo-ventricular  orifice  into  the  ven- 
ricle ;  filling  the  ventricle,  by  a  kind  of  passive  dilatation,  about 
ro-thirds  or  three-quarters  full.    Then  the  auricle  contracts  with  a 
|uick  sharp  motion,  forces  the  last  drop  of  blood  into  the  ventricle, 
listending  it  to  it«  full  capacity,  and  then  the  ventricular  contraction 
'follows,  as  above  described,  driving  the  blood  into  the  large  arteries. 
These  movements  of  contraction  and  relaxation  continue  to  alter- 
nate with  each  other,  and  form,  by  their  recurrence,  the  successive 
cardiac  pulsations, 

kB  arteries  are  a  series  of  branching  tubes  which  commence 
Hie  aorta  and  ramify  throughout  the  body,  distributing  the 
blood  to  all  tlie  vascular  organs.  They  are  composed  of  three 
coat8,  viz;  an  internal  homogeneous  tunic,  continuous  with  the 
endocardium;  a  middle  coat,  composed  of  elastic  and  muscular 
fibrea;  and  an  external  or  "cellular"  coat,  composed  of  condensed 
layers  of  areolar  tissue.     The  essential  anatomical  difference  be- 
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tween  the  larger  and  the  smaller  arteries  consists  in  the  structtnf 
of  their  middle  coat.     In  the  smaller  arteries  this  coat  is  composed 
exclusivelj  of  smooth  muscular  fibres,  arranged  in  a  circular  mun* 
ner  arouod  the  vessel,  like  the  circular  fibres  of  the  muscular  coat 
of  the  intestine.    In  arteries  of  medium  size  the  middle  coat  con- 
tains both  muscular  and  elastic  fibres ;  while  iu  those  of  the  largest 
calibre  it  consists  of  elastic  tissue  alone*    The  large  arteries,  ac- j 
cordinglyi  possess  a  remarkable  degree  of  elasticity  and  little  or  ncfl 
contractility ;  while  the  smaller  arc  contractile,  and  less  distinctly^ 
elastic. 

It  is  found,  by  meaonring  the  diameters  of  the  successive  arte- 
rial ramifications,  that  the  combined  area  of  all  the  branches  given 
off  from  a  trunk  is  somei^^hat  greater  than  that  of  the  original 
vessel ;  and  therefore  that  the  combined  area  of  all  the  small  arte- 
ries must  be  considerably  larger  than  that  of  the  aorta,  from  whicli 
they  originate*  As  the  bloody  consequently,  in  its  passage  from  the 
heart  outward,  flows  successively  through  larger  and  larger  epaoe^v 
the  rapidity  of  its  circulation  must  necessarily  be  diminished,  in  the 
same  proportion  as  it  recedes  from  the  heart.  It  is  driven  rapidly 
through  the  larger  trunks,  more  slowly  through  those  of  medium 
size,  and  more  slowly  still  as  it  approaches  the  termination  of  the 
arterial  system  and  the  commencement  of  the  capillaries. 

The  movement  of  the  hhod  through  the  arteries  is  primarily  eanflcd 
by  the  contractions  of  the  heart ;  but  it  is,  at  the  same  time,  regulated 
and  modified  by  the  elasticity  of  the  vessels.  The  mode  in  whicb 
the  arterial  circulation  takes  place  is  as  follows.  The  arterial  syi' 
tern  iSj  as  we  have  seen,  a  vast  and  connected  ramification  of  tubulir 
canals,  which  may  be  regarded  as  a  great  vascular  cavity,  divided 
and  subdivided  from  within  outward  by  the  successive  branchiDj 
of  its  vessels,  but  communicating  freely  with  the  heart  and  aorta 
at  one  extremity,  and  with  the  capillary  plexus  at  the  otherr 
and  this  vascular  system  is  filled  everywhere  with  the  circukttog 
fluid.  At  the  time  of  the  heart's  contraction,  the  muscular  walls  oT 
the  ventricle  act  powerfully  upon  its  fluid  contents.  The  aurietilo* 
ventricular  valves  at  the  same  time  shutting  back  and  prevcntiiig 
the  blood  from  regurgitating  into  the  auricle,  it  is  forced  oui 
through  the  aortic  orifice.  A  charge  of  blood  is  therefore  drirca 
into  the  arterial  ramifications,  distending  their  walls  by  tlie  ad& 
tional  quantity  of  fluid  forced  into  their  cavities.  When  the  ven- 
tricle immediately  afterward  relaxes,  the  active  dJ^tending  force  is 
removed ;  and  the  elastic  arterial  walls,  reacting  upon  their  contents, 
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)uld  force  the  blood  back  again  into  the  heart,  were  it  not  for  the 

"Semilunar  valves,  which  shut  together  and  close  the  aortic  orifice. 

The  blood  is  therefore  urged  onward,  under  the  pressure  of  the 

arterial  elasticity,  into  the  capillary  system.    When  the  arteries 

have  thus  again  partially  emptied  themselves,  and  returned  to  their 

original  dimensions,  they  are  again  distended  by  another  contraction 

of  the  heart.     In  this  manner  a  succession  of  impulses  or  distensions 

is  produced,  which  alternates  with  the  reaction  or  subsidence  of  the 

MB6sels»  and  which  can  be  felt  throughout  the  body,  wherever  the 

Hjterial  ramifications  penetrate.     This  phenomenon  is  known  by 

He  name  of  the  arterial  pulse, 

^  When  the  blood  is  thus  driven  by  the  cardiac  pulsations  into  the 
^teries,  the  vessels  are  not  only  distended  laterally,  but  are  elongated 
B  well  as  widened,  and  enlarged  in  eyery  direction.  Particularly 
^rhen  the  vessel  takes  a  curved  or  serpentine  course,  its  elongation 
and  the  increase  of  its  curvatures  may  be  observed  at  every  pulsa- 
tion. This  may  be  seen,  for  example,  in  the  temporal,  or  even 
in  the  radial  arteries,  in  emaciated  persons.  It  is  also  very  well 
seen  in  the  mesenteric  arteries,  w^hen  the  abdomen  is  opened  in  the 
living  animal.     At  every  contraction  of  the  heart  the  curves  of 

t  artery  on  each  side  become  more  strongly  pronounced.  (Fig. 
)  The  vessel  even  rises  up  partially  out  of  its 
particularly  where  it  runs  over  a  bony  sur* 
as  in  the  case  of  the  radial  artery.  In  old 
kuns  the  curves  of  the  vessels  become  perma- 
itly  enlarged  from  frequent  distension ;  and  all 
the  arteries  tend  to  assume,  with  the  advance  of 
Be,  a  more  serpentine  and  even  spiral  course. 
"But  the  arterial  pulse  has  certain  other  pecu- 
liarities which  deserve  a  special  notice.  In  the 
Bt  place,  if  we  place  one  finger  upon  the  chest 
[the  situation  of  the  apex  of  the  hearty  and  an- 
lier  upon  the  carotid  artery  at  the  middle  of 
the  neck,  we  can  distinguish  little  or  no  difference 
ia  time  between  the  two  impulses.  The  disten- 
sion of  the  .carotid  seems  to  take  place  at  the 
Bsune  instant  with  the  contraction  of  the  heart. 
But  if  the  second  finger  be  placed  upon  the  temporal  artery,  instead 
of  the  carotid,  there  is  a  perceptible  interval  between  the  two  beats. 
The  impulse  of  the  temporal  artery  is  felt  to  be  a  little  later  than 
that  of  the  heart.  In  the  same  way  the  pulse  of  the  radial  artery  at 
the  wmt  seems  a  little  later  than  that  of  the  carotid,  and  that  of  the 
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posterior  tibial  at  the  ankle  joint  a  little  later  tban  that  of  the  radial  j 
So  that,  the  greater  the  distance  from  the  heart  at  which  the  arteryfll 
is  examined,  the  later  is  the  pulsation  perceived  by  the  finger  laid^ 
upon  the  vessel.  ^ 

But  it  has  been  conclusively  shown,  particularly  by  the  investiifll 
gations  of  M,  Marey/  that  this  difference  in  time  of  the  arterial 
pulsations,  in  different  parts  of  the  body,  is  rather  relative  than 
absolute.     By  the  contraction  of  the  heart,  the  impulse  is  commti- 
nicated  at  the  same  instant  to  all  parts  of  the  arterial  system;  bni] 
the  apparent  difference  between  them,  in  this  respect,  depends  upon 
the  fact,  that,  although  all  the  arteries  be^'n  to  be  distended  %\  tfao] 
same  moment,  yet  those  nearest  the  heart  are  distended  suddeii}| 
and  rapidly,  while  for  those  at  a  distance^  the  distension  takes  plaoel 
more  slowly  and  gradually.     Thus  the  impulse  given  to  the  finger,. 
which  marks  the  condition  of  maximum  distension  of  the  vtssel, 
occurs  a  little  later  at  a  distance  from  the  heart,  than  in  its  : 
diate  proximity. 

This  modification  of  the  arterial  pnlae  is  produced  in  the  follow* 
ing  way : — 

The  contraction  of  the  left  ventricle  is  a  brusque,  vigorous  j 
sudden  motion.     The  charge  of  blood,  thus  driven  into  the  ; 
system,  meeting  with  a  certain  amount  of  resistaooe  from  the  fluid 
already  filling  the  vessels,  does  not  instantly  displace  and  forv^J 
onward  a  quantity  of  blood  equal  to  its  own  mass^but  a  curtail] 
proportion  of  its  force  is  nsed  in  expanding  the  distensible  walla j 
of  the  vessels.     In   the   immediate  neighborhood,  therefarev 
expansion  of  the  arteries  is  sudden  and  momentary,  like  t"^  -   - 
traction  of  the  heart  itself.     But  this  expansion  require-  ^ 

completion  a  certain  expenditure,  both  of  force  and  time;  sothnt 
at  a  little  distance  farther  on^  the  vessel  is  neither  distended  Id  ibo 
same  degree  nor  with  the  same  mpidity.  At  the  more  disUoA 
point,  accordingly,  the  arterial  impulse  is  less  powerful  and  arn«i» 
more  slowly  at  its  maximum. 

On  the  other  hand,  when  the  heart  becomes  relaxed,  the  aiterjr 
in  its  imraodiata  neighborhood  contracts  upon  the  blood  by  its  own 
elasticity;  and  as  its  contraction  at  this  time  meets  with  no  other 
resistance  than  that  of  the  blood  in  the  smaller  vessels  beyond,  H 
drives  a  portion  of  its  own  blood  into  them,  and  thus  supplies  these  j 
vessels  with  a  certain  degree  of  distending  force  even  in  the  latef* 
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Tals  of  the  heart's  action.  Thus  the  differeuce  in  size  of  the  carotid 
artery,  at  the  two  periods  of  the  heart's  contraction  and  its  relaxa- 
tion, is  very  marked ;  for  the  degree  of  its  distensioa  is  great  whea 
the  heart  contracts,  and  its  own  reaction  afterward  empties  it  of 
blood  to  a  very  considerable  extent.  But  in  the  small  branches  of 
the  radial  or  ulnar  artery,  there  is  less  distension  at  the  time  of  the 

^rdiac  contraction,  because  this  force  has  been  partly  expended  in 
Overcoming  the  elasticity  of  the  larger  vessels ;  and  there  is  less 
emptying  of  the  vessel  aflerward,  because  it  is  still  kept  partially 
filled  by  the  reaction  of  the  aorta  and  its  larger  branches.    In  other 

rords,  there  is  progressively  less  variation  in  si^se,  at  the  periods  of 
snsion  and  collapse,  for  the  smaller  and  distant  arteries  than  for 

liose  which  are  larger  and  nearer  the  heart, 
Mr.  Marey  has  illustrated  these  facts  by  an  exceedingly  ingenious 

id  eifectual  contrivance.  He  attached  to  the  pipe  of  a  small  forcing 
pnip,  to  be  worked  by  alternate  strokes  of  the  piston,  a  long  elastic 

ibe  open  at  the  farther  extremity.     At  different  points  upon  this 

there  rested  little  movable  levers»  which  were  raised  by  the 

ension  of  the  tube  whenever  water  was  driven  into  it  by  the 

forcing  pump*    Each  lever  carried  upon  its  extremity  a  small  pen* 

cil^  which  marked  upon  a  strip  of  paper,  revolving  with  uniform 

rapidity,  the  lines  produced  by  its  alternate  elevation  and  depresjsiom 

iy  these  curves,  therefore,  both  the  extent  and  rapidity  of  distension 

different  parts  of  the  elastic  tube  were  accurately  registered, 

be  curves  thus  produced  are  as  follows : — 

Pig-  94. 


I  dl*Uadl»f  fore*.    3L  At  &tllJiUac«  frotn  it.    3.  BtiU  fkrth«r  r«t&OT«d. 


Sf^r 


will  be  seen  that  the  whole  time  of  pulsation  is  everywhere  of 
jual  length,  and  that  the  distension  everywhere  begins  at  the  same 
moment.  But  at  the  beginning  of  the  tube  the  expansion  is  wide 
and  sudden,  and  occupies  only  a  sixth  part  of  the  entire  pulsation, 
while  all  the  rest  is  taken  up  by  a  slow  reaction.    At  the  more 


270 


THE    CIRCULATION. 


remote  points,  however,  the  period  of  expansion  becomes  longer ! 
and  that  of  collapse  shorter ;  until  at  S  the  two  periods  are  com* 
pletely  equalized,  and  the  amount  of  expansion  is  at  the  same  timej 
reduced  one-half.     Thus,  the  farther  the  blood  passes  from  the  heafl 
outward,  the  more  uniform  is  its  flow,  and  the  mor^  moderate  the 
distension  of  the  arteries. 

Owing  to  the  alternating  contractions  and  relaxations  of  the  heart, 
accordingly,  the  blood  passes  through  the  arteries,  not  ia  a  stead/l 
stream,  but  in  a  series  of  welling  impulses;  and  the  hemorrha 
from  a  wounded  artery  is  readily  distinguished  from  venous 
capillary  hemorrhage  by  the  fact  that  the  blood  flows  in  suocessin] 
jet^,  as  well  UH  more  rapidly  and  abundantly.  If  a  puncture 
made  in  the  walls  of  the  ventricle,  and  a  slender  canula  introduoed,! 
the  flow  of  the  blood  througb  it  is  seen  to  be  entirely  intermittent  j 
A  strong  jet  takes  place  at  each  ventricular  contraction,  and  at  eacb  j 
relaxation  the  flow  is  completely  interrupted.  If  the  puncture  bo  1 
made,  however,  in  any  of  the  large  arteries  near  the  heart,  the  flow 
of  blood  through  the  oriflce  is  no  longer  intennittent,  but  is  oon- 
tinuous;  only  it  is  very  much  stronger  at  the  time  of  ventricular  j 
contraction,  and  diminishes,  though  it  does  not  entirely  cease,  si  I 
the  time  of  relaxation.  If  the  blood  were  driven  througb  a  series  j 
of  perfectly  rigid  and  unyielding  tubes,  its  flow  would  be  every* 
where  intermittent ;  and  it  would  be  delivered  from  an  orifice  «ta- 
ated  at  any  point,  in  perfectly  interrupted  jets.  But  the  arteriei  j 
are  yielding  and  elastic;  and  this  elasticity,  as  we  have  ab^odt 
explained,  moderates  the  force  of  the  separate  arterial  pulsatioos^  J 
and  gradually  fuses  them  with  each  other.  The  interrupted  or  I 
pulsating  character  of  the  arterial  current,  therefore,  which  i*  i 
,  strongly  pronounced  in  the  immediate  vicinity  of  the  heart*  beoomtK  i 
gradually  lost  and  equalized,  daring  its  passage  through  the  vessel^ 
until  in  the  smallest  arteries  it  is  nearly  imperceptible. 

The  same  eftect  of  an  elastic  medium  in  equalizing  the  force  of  J 
an  interrupted  current  may  be  shown  by  fitting  to  the  end  of  tl 
common  syringe  a  long  glass  or  metallic  tube.     Whatever  be  the 
length  of  the  inelastic  tubing,  the  water  which  is  thrown  into  one 
extremity  of  it  by  the  syringe  will  be  delivered  from  the  other  end 
in  distinct  jets,  corresponding  with  the  strokes  of  the  piston ;  but  if  ' 
the  metallic  tube  be  replaced  by  one  of  India  rubber,  of  sufficient 
length,  the  elasticity  of  this  substance  merges  the  force  of  the  sepdi* 
rate  impulses  into  each  other,  and  the  water  is  driven  out  from  the 
ferther  extremity  in  a  continuous  stream. 
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elasticity  of  the  arteries,  liowever,  never  entirely  equalizes 

force  of  the  separate  cardiac  pulsations,  since  a  pulsating  cha- 

3r  can  be  seen  in  the  flow  of  the  blood  through  even  the  smallest 

Bfiea,  under  the  microscope ;  but  this  pulsating  character  dimi- 

shes  very  considerably  from  the  heart  outward,  and  the  current 
becomes  much  more  continuous  in  the  smaller  vessels  than  in  the 
larger. 

The  primary  cause^  therefore,  of  the  motion  of  the  blood  in  the 
arteries  is  the  contraction  of  the  ventricles,  which,  by  driving  out 
the  blood  in  interrupted  impulses,  distends  at  every  stroke  the 
whole  arterial  system.  But  the  arterial  pulse  is  not  exactly  syn- 
chronous everywhere  with  the  beat  of  the  heart ;  since  a  certain 
amount  of  time  is  required  to  propagate  the  blood-wave  from  the 
centre  of  the  circulation  outward.  The  pulse  of  the  radial  artery 
at  the  wrist  is  perceptibly  later  than  that  of  the  heart ;  and  the 
pulse  of  the  posterior  tibial  at  the  ankle,  again,  perceptibly  later 
than  that  at  the  wrist  The  arterial  circulation,  accordingly,  is  not 
an  entirely  simple  phenomenon ;  but  is  made  up  of  the  combined 
^ects  of  two  different  physical  forces.  It  is  due,  in  the  first  place, 
Hthe  elasticity  of  the  entire  arterial  system,  by  which  the  blood  is 
Subjected  to  a  constant  and  uniform  pressure,  quite  independent  of 

1e  action  of  the  heart ;  and  secondly,  to  the  alternating  contraction 
id  relaxation  of  the  heart,  by  which  the  blood  is  driven  in  rapid 
and  successive  impulses  from  the  centre  of  the  circulation,  to  be 
thence  distributed  throughout  the  body. 

The  passage  of  the  blood  through  the  arterial  system  takes  place, 

Ksrefore,  under  a  certain  degree  of  constant  pressure.  For  these  ves- 
s  being  every^^here  elastic,  and  filled  with  blood,  they  constantly 
tend  to  react,  more  or  less  vigorously,  and  to  compress  the  circulating 
fluid  which  they  contain*   If  any  one  of  the  arteries,  accordingly,  be 

Kned  in  the  living  animal,  and  a  glass  tube  inserted,  the  blood 
1  immediately  be  seen  to  rise  in  the  tube  to  a  height  of  about 
five  and  a  half  or  six  feet>  and  will  remain  at  that  level ;  thus  indi- 
cadog  the  pressure  to  which  it  was  subjected  in  the  interior  of  the 
nttseU.  This  constant  pressure,  w^hich  is  thus  due  to  the  reaction 
Bthe  entire  arterial  system,  is  known  as  the  arterial  pressure. 
The  degree  of  arterial  pressure  may  be  easily  measured  by  oon- 

E!ting  the  open  artery,  by  a  flexible  tube,  with  a  small  reservoir 
mercury,  which  is  provided  with  a  narrow  upright  glass  tube, 
iu  at  its  upper  extremity.     When  the  blood,  therefore,  urged  by 
reaction  of  the  arterial  walls,  presses  upon  the  surface  of  the 
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mercury  in  tte  receiver,  the  mercury  rises  in  the  upright  tube,  to 
a  corresponding  height.  By  the  use  of  this  instrument  it  ia  seei^ 
in  the  first  place,  that  the  arterial  pressure  is  nearly  the  same  aU 
over  the  hody.  Since  the  cavity  of  the  arterial  system  is  every- 
where coDtinuous,  the  pressure  must  necessarily  be  communicated, 
by  the  blood  in  its  interior,  equally  in  all  directiona  Accordingly, 
the  constant  pressure  is  the  same,  or  nearly  so,  in  the  larger  and  the 
smaller  arteries,  in  those  nearest  the  heart,  and  those  at  a  distance. 
This  constant  pressure  averages,  in  the  higher  quadrupeds,  six 
inches  of  mercury,  which  is  equivalent  to  from  five  and  a  half  to 
six  feet  of  blood. 

It  is  also  seen,  however,  in  emploving  such  an  instrument,  tlsat 
the  level  of  the  mercury,  in  the  upright  tube,  is  not  perfectly  steadji 
but  rises  and  falls  with  the  pulsations  of  the  heart.  Thus,  at  €WfJ 
contraction  of  the  ventricle,  the  mercury  rises  for  about  half  An 
inch,  and  at  every  relaxation  it  ft\lls  to  its  previous  level.  Thus  lb 
instrument  becomes  a  measure,  not  only  for  the  constant  presduru  uf 
the  arteries,  but  also  for  the  intermitting  pressure  of  the  heart;  mi 
on  that  account  it  has  received  the  name  of  the  cardiomcfrr.  It  fa 
Been,  accordingly,  that  each  contraction  of  the  heart  is  sujxrrior  ia 
force  to  the  reaction  of  the  arteries  by  about  one-twelftli ;  and  ihao 
vessels  are  kept  filled  by  a  succession  of  cardiac  pulsat  ij 

discharge  their  contents  in  turn  into  the  capillaries,  by  i  ■  :i 

elastic  reaction. 

The  rapidity  with  which  the  blood  circulates  through  the  arteml 
system  is  very  great.  Its  velot:;ity  is  greatest  in  the  ir  —  *-t? 
neighborhood  of  the  heart,  and  diminishes  somewhat  as  i  .  4 

recedes  farther  and  farther  from  the  centre  of  the  circulation.  Tliii 
diminution  in  the  rapidity  of  the  arterial  current  is  due  I'  '  m> 
cessive  division  of  the  aorta  and  its  primary  branches  in:  r 

and  smaller  ramifications,  by  which  the  total  calibre  of  the  ar 
system^  as  we  have  already  mentioned,  is  some^vhat  increased.  TIu 
blood,  therefore,  flowing  through  a  larger  space  as  it  passes  outwani 
necessarily  moves  more  slowly.  At  the  same  time  the  increased 
extent  of  the  arterial  parietes  with  which  the  blood  comes  in  eoo- 
tact,  as  well  as  the  mechanical  obstacle  arising  from  the  division  of 
the  vessels  and  the  separation  of  the  streams,  undoubtedly  cjoniri- 
butes  more  or  less  to  retard  the  currents.  The  mechanical  obstacle; 
however,  arising  from  the  friction  of  the  blood  against  the  walls  of 
the  vessels,  which  would  be  very  serious  in  the  case  of  water  or  on/ 
similar  fluid  flowing  through  glass  or  metallic  tubes,  has  compart- 
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[lively  little  effect  on  tLe  rapidity  oi  the  anerial  circulation.     This 

.readily  be  seen  by  microscopic  examination  of  any  transparent 

liar  tissue.    The  internal  surface  of  the  arteries  is  so  smooth 

land  yielding,  and  the  consistency  of  the  circulating  fluid  so  accu- 

|rately  adapted   to  that  of  the  vessels  which  contain  it,  that   the 

■retarding  effects  of  friction  are  reduced  to  a  minimum^  and  the 

Llood  in  flowing  through  the  vessels  meets  with  the  least  possible 

reeistanee. 


Pig.  95. 


Ffg,  96. 


CiZII^i:^ 


TotKH  Axir'i  Aprakattti  far  mcmJiiirlng^  tti«  rmpiMij  of  the«rt«rUl  clTtmlfttlon. 

»is  owing  to  this  fact  that  the  arterial  circulation,  though  some- 
i  slower  toward  the  periphery  than  near  the  heart,  yet  retains 
a  very  remarkable  velocity  throughout;  and  even  in  arteries  of  the 
minutest  size  it  u  so  rapiil  that  the  shape  of  the  blood-globules  can- 
not be  distinguished  in  it  on  microscopic  examination,  but  only  a 
mingled  current  shooting  forward  with  increased  velocity  at  every 
cardiac  pulsation.  Volkmann,  in  Germany,  has  deterniined,  by  a 
ingenious  contrivance,  the  velocity  of  the  current  of  blood  in 
18 
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some  of  the  large  sized  arteriea  in  dogs,  horses,  and  cal^ea.    Tli€ 
instrument  which  he  employed  (Fig.  95)  consisted  of  a  metallid 
cylinder  (a),  with  a  perforation  running  from  end  to  end,  and  oor 
responding  in  size  with  the  artery  to  be  examined.     The  ar 
was  divided  transversely,  and  its  cardiac  extremity  fastened  to  ibo 
upper  end  {b)  of  the  instrument,  while  it^  peripheral  extremity  wa 
fastened  in  the  same  manner  to  the  lower  end  (c).     The  bio 
accordingly  still  kept  on  its  usual  course;  only  passing  for  a  shorl 
distance  through  the  artificial  tube  (a),  between  the  divided  extremi-' 
ties  of  the  artery.   The  instrument,  however,  was  provide*J»  as  showa ' 
in  the  accompanying  figures,  with  two  transverse  cylindrical  plugs^ 
also  perforated ;  and  arranged  in  such  a  manner,  that  when,  at  a 
given   signal,  the  two   plugs  were  suddenly  turned   in  opposite 
directions,  the  stream  of  blood  would  be  turned  out  of  its  ooawe 
(Fig,  96),  and  made  to  traverse  a  long  bent  tube  of  glass  {J,  4  ti). 
before  again  finding  its  way  back  to  the  lower  portion  of  the  artery,  i 
In  this  way  the  distance  passed  over  by  the  blood  in  a  given  timt\ 
could  be  readily  measured  upon  a  scale  attached  to  the  side  of  ibe 
glass  tube.     Volkmann  found,  as  the  average  result  of  bis  obser* 
vations,  that  the  blood  moves  in  the  carotid  arteries  of  warm-blooded 
q^nadrupeds  with  a  velocity  of  12  inches  per  second. 


VENO0S  CIRCULATION. 

The  veins,  which  collect  the  blood  from  the  tissues  and  reiam  h 
to  the  heart,  are  composed,  like  the  arteries,  of  three  coats;  an  iniiflr, 
middle,  and  exterior.     In  structure,  they  differ  from  the  arteries  ia  J 
containing  a  much  smaller  quantity  of  muscular  and  ela:stic  fibres,] 
and  a  larger  proportion  of  simple  condensed  areolar  tissue.     Tbey] 
are  consequently  more  flaccid  and  compressible  than  the  arteriea^ 
and   less  elastic  and   contractile.     They  are   furthermore  dblia* 
guished,  throughout  the  limbs,  neck,  and  external  portions  of  the 
head  and  trunk,  by  being  provided  with  valves^  consisting  of  fibn^tti 
sheets  arranged  in  the  form  of  festoons,  and  so  placed  in  tlie  cavitj] 
of  the  vein  as  to  allow  the  blood  to  pass  readily  from  the  periphery j 
toward  the  heart,  while  they  prevent  altogether  its  reflux  ia  9a\ 
opposite  direction. 

Although  the  veins  are  provided  with  walls  whicb  are  very  muck] 
thinner  and  less  elastic  than  those  of  the  arteries^  yet,  contrary  toj 
what  we  might  expect,  their  capacity  for  resistance  ta  pressun  m 
equal,  or  even  superior,  to  that  of  the  arterial  tubes,     Milne  BJ-| 
wards'  has  collected  the  results  of  various  experiments^  which  she*] 
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that  the  veins  will  sometimes  resist  a  pressure  wLieh  is  sufficient  to 
rupture  the  walls  of  the  arteries.*  Id  one  instance  the  jugular  vein 
supported,  without  breaking,  a  pressure  equal  to  a  column  of  water 
1*48  feet  in  height;  and  in  another,  the  iliac  vein  of  a  sheep  resisted 
a  pressure  of  more  than  four  atmospheres.  The  portal  vein  was 
found  capable  of  resisting  a  pressure  of  six  atmospheres;  and  in 
one  case,  in  which  the  aorta  of  a  sheep  was  ruptured  by  a  pressure 
of  158  pounds,  the  vena  cava  of  the  same  animal  supported  a  pres- 
sure equal  to  176  pounds. 
Thia  resistance  of  the  veins  is  to  be  attributed  to  the  large  pro- 

||lortioa  of  white  fibrous  tissue  which  enters  into  their  composition ; 
Ibe  same  tissue  which  forms  nearly  the  whole  of  the  tendons  and 
fcsciie,  and  which  is  distinguished  by  its  density  and  unyielding 
nature. 

The  eJaaticity  of  the  veins,  however,  is  ranch  less  than  that  of  the 
arteriea*  When  they  are  filled  with  blood,  they  enlarge  to  a  certain 
size,  and  collapse  again  when  the  pressure  is  taken  oflf ;  but  they  do 
noi  react  by  virtue  of  an  elastic  resilience,  or,  at  least,  only  to  a 
slight  extent,  as  compared  with  the  arteries.  Accordingly,  when 
the  arteries  are  cut  across,  and  emptied  of  blood,  they  still  remain 
open  and  pervious,  retaining  the  tubular  form,  on  account  of  the 
elasticity  of  their  walls;  while,  if  the  veins  be  treated  in  the  same 
way,  their  sides  simply  fall  together  and  remain  in  contact  with  each 
Other, 

Another  peculiarity  of  the  venous  system  is  the  abundance  of 
the  ifparate  channels,  which  it  affords,  for  the  flow  of  blood  from 
the  periphery  towards  the  centre.  The  arteries  pass  directly  from 
the  heart  outward,  each  separate  branch,  as  a  general  rule,  going 
to  a  separate  region,  and  supplying  that  part  of  the  body  with 
all  the  blood  which  it  requires ;  so  that  the  arterial  system  is  kept 
constantly  filled  to  its  entire  capacity  with  the  blood  which  passes 
through  it.  But  that  is  not  the  case  with  the  veins.  In  injected 
preparations  of  the  vascular  system,  we  have  often  two,  three, 
four,  or  even  five  veins,  coming  together  from  the  same  region  of 
the  body.  There  are  also  abundant  inosculations  between  the  dif- 
ferent veins.  The  deep  veins  which  accompany  the  brachial  artery 
inosculate  freely  with  each  other,  and  also  with  the  superficial  veins 
of  the  arm.  In  the  veins  coming  from  the  head,  we  have  the  ex- 
ternal jugular  communicating  with  the  thyroid  veins,  the  anterior 
jugular,  and  the  brachial  veins.    The  external  and  internal  jugulara 


'  Le^ont  %nf  U  Plijraiologie,  Jec,  toI.  iv.  p*  301, 
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coramuQicate  with  each  other,  and  the  two  thyroid  veins  also  form 
an  abundant  plexus  in  front  of  the  trachea. 

Thus  the  blood,  coming  from  the  extremities  toward  the  heart,  i 
flows,  not  in  a  single  channel^  but  in  many  channels;  and  as  tbeae  ! 
channels  communicate  freely  with  each  otfaer,  the  blood  pasaes  some^ 
times  through  one  of  them,  and  sometimes  through  another* 

The  flow  of  blood  through  the  veins  is  less  powerful  and  regular] 
than  that  through  the  arteries.  It  depends  on  the  combined  actioa  j 
of  three  different  forces. 

1.  The  force  of  aspiration  af  the  thorax, — When  the  chest  expa 
by  the  lilling  of  the  ribs  and  the  descent  of  the  diaphragm,  its] 
movement,  of  course,  tends  to  diminish  the  pressure  exerted  upn  I 
its  contents,  and  so  has  the  effect  of  drawing  into  the  thoracic  cavity 
all  the  fluids  which  can  gain  access  to  it.     The  expanded  caWty  k  i 
principally  filled  by  the  air.  which  pasi^s  in  through  the  traciea 
and  fills  the  broncbial  tubes  and  the  pulmonary  vesicles.     But  the 
blood  in  the  veins  is  also  drawn  into  the  chest  at  ibe  same  tame  and 
by  the  same  force.     This  force  of  aspiration,  exerted  by  the  expan- 
sion of  the  chest,  is  gentle  and  uniform  in  character,  like  the  move- j 
ments  of  respiration  themselves.     Accordingly  its  influence  is  ex- 
tended, without  doubt,  to  the  farthest  extremities  of  the  vienoTw] 
system,  the  bhx)d  being  gently  solicited  toward  the  heart,  at  each 
expansion  of  the  chest,  without  any  visible  alteration  in  the  six*;  i»f 
the  veina^  which  are  filled  up  from  behind  as  fast  as  they  arc  4*mp<i*^l 
in  front 

But  if  the  movement  of  inspiration  be  sudden  and  vio^ 
of  gentle  and  easy,  a  diftcrent  effect  is  produced.     For  tL 
of  the  veins,  which  are  thin  and  flaccid,  cannot  retain  their  ; 
but  collapse  under  the  external  pressure  too  rapidly  to  a* 
blood  to  flow  in  from  behind.     In  this  case,  therefore,  th- 
simply  emptied  in  the  immediate  neighborhood  of  the  chisst,  but 
the  entire  venous  circulation  is  not  assisted  by  the  movement 

The  same  difference  in  the  effect  of  an  easy  and  a  violent  saction 
movement,  may  be  readily  shown  by  attaching  to  the  nozzle  gl  j:i 
air-tight  syringe  a  flexible  elastic  tube  with  thin  walls,  and  pl^^^H 
the  other  extremity  of  the  tube  under  water.  If  the  piston  cfri^f 
syringe  be  now  withdrawn  with  a  gentle  and  gradual  motion,  ilwi 
water  will  be  readily  drawn  up  into  the  tube,  while  the  tube  itself 
suffers  no  visible  change;  but  if  the  suction  movement  be  mule 
rapid  and  violent,  the  tube  will  collapse  instantly  under  ibe  pr»» 
sure  of  the  air,  and  will  fail  to  draw  the  water  into  its  cariiy. 
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A  similar  effect  shows  itself  in  the  living  body.    If  the  jugular 
^k  subclavian  vein  be  exposed  in  a  dog  or  cat,  it  will  be  aeen  that 
Bhile  the  movements  of  respiration  are  natural  and  easy  no  flnc- 
^ation  in  the  vein  can  be  perceived.    But  as  soon  as  the  respira- 
tion becomes  disturbed  and  laborious,  then  at  each  inspiration  the 
^|ein  is  collapsed  and  emptied;  while  during  expiration,  the  chest 
^Bing  strongly  compressed  and  the  inward  flow  of  the  blood  arrested, 
^Be  vein  becomes  turgid  with  blood  which  accumulates  in  it  from 
^Bhind«    In  young  children,  also,  the  spasmodic  movements  of  res- 
fu-ation  in  crying  produce  a  similar  turgescence  and  engorgement 
of  the  large  veins  during  expiration,  while  they  are  momentarily 
iptied  during  the  hurried  and  forcible  inspiration, 
[  In  natural  and  quiet  respiration,  therefore,  the  movements  of  the 
hest  hasten  and  assist  the  venous  circulation;  but  in  forced  or 
prions  respiration^  they  do  not  assist  and  may  even  retard  its  flow. 
'  2,  Tha  contraction  of  the  vohtjitarg  vniscles. — ^The  veins  which 
ivey  the  blood  through  the  limbs,  and  the  parietes  of  the  head 
\d  trunk,  lie  among  voluntary  muscles,  which  are  more  or  less 
istantly  in  a  state  of  alternate  contraction  and  relaxation.    At 
rerv  contraction  these  muscles  become  swollen  laterally,  and,  of 
course,  compress  the  veins  which  are  situated  between  them.     The 
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jMood,  driven  out  from  the  vein  by  this  pressure,  cannot  regurgitate 
Brard  the  capillaries,  owing  to  the  valves,  already  described,  which 
shm  back  and  prevent  its  reflux.    It  is  accordingly  forced  onward 


278 


THK    CIBCULATIOK. 


toward  the  heart ;  and  when  the  muscle  relaxes  and  the  vein  b 
liberated  from  pressure,  it  again  fills  up  from  behind,  and  the  cir- 
culation goes  on  as  before.  This  force  is  a  very  efficient  one  ia 
producing  the  venous  circulation ;  since  the  voluntary  muscles  are 
more  or  less  active  in  every  position  of  the  Ixnly,  and  the  reina 
constantly  liable  to  be  compressed  by  them*  It  is  on  this  account 
that  the  veins,  in  the  external  parts  of  the  body,  communicate  so 
freely  with  each  other  by  transverse  branches;  in  order  that  the 
current  of  blood,  which  is  momentarily  excluded  from  one  vein  bj 
the  pressure  of  the  muscles,  may  readily  find  a  passage  through 
others,  which  communicate  by  cross  branches  with  the  first*  (FSgs* 
97  and  98.) 

3.  The  force  of  the  capillary  circubUion. — ^This  last  cause  of  HiB 
motion  of  the  blood  through  the  veins  is  the  most  important  of  all, 
as  it  is  the  only  one  which  is  constantly  and  universally  active.    Ift 
fish,  for  example,  respiration  is  performed  altogether  by  gills;  and 
in  reptiles  the  air  is  forced  down  into  the  lungs  by  a  kind  of  degh* 
tition,  instead  of  being  drawn  in  by  the  expansion  of  the  chest    la 
neither  of  these  classes,  therefore,  can  the  movements  of  respiration 
assist  mechanically  in  the  circulation  of  the  blood*    In  the  splanch-     | 
nic  cavities,  again,  of  all  the  vertebrate  animals,  the  veins  coming     ' 
from  the  internal  organs,  as,  for  example,  the  cerebral,  pulmonary,  J 
portal,  hepatic,  and  renal  veins,  are  unprovided  with  valves ;  aad  V 
the  passage  of  the  blood  through  them  cannot  therefore  be  efiected 
by  any  lateral  pressure.     The  circulation,  however,  constantly  going 
on  in  the  capillaries,  everywhere  tends  to  crowd  the  radicles  of  the 
veins  with  blood ;  and  this  vis  a  tergo,  or  pressure  from  behind,  fills 
the  whole  venous  system  by  a  constant  and  steady  accuit 
So  long,  therefore,  as  the  veins  are  relieved  of  blood  at  their  ,_..,. 
extremity  by  the  regular  pulsations  of  the  heart,  there  is  no  back- 
ward pressure  to  oppose  the  impulse  derived  from  the  capillary  cir- 
culation ;  and  the  movement  of  the  blood  through  the  veins  continues 
in  a  steady  and  uniform  course. 

With  regard  to  the  rapidity  of  the  venous  circulation^  no  direct 
results  have  been  obtained  by  experiment    Owing  to  the  flaccidity 
of  the  venous  pariete^,  and  the  readiness  with  which  the  flow  of 
blood  through  them  is  disturbed,  it  is  not  possible  to  determine  tfai 
point  for  the  veins,  in  the  same  manner  as  it  has  been  determine* 
for  the  arteries.    The  only  calculation  which  has  been  made  in  thi 
respect  is  based  upon  a  comparison  of  the  total  capacitv  of  the 
arterial  and  venous  systems.     As  the  same  blood  which  passes  oqU 
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ward  tbrougb  the  arteries,  passes  iow«ird  again  through  the  veins, 

the  rapidity  of  its  flow  in  each  must  be  in  inverse  proportion  to  the 

ca-pacity  of  the  two  sets  of  vessels.     That  is  to  say,  a  quantity  of 

blood  which  would  pass  in  a  given   time,  with  a  velocity  of  x, 

tlxToiigh  an  opening  equal  to  one  square  inch,  would  pas?  during 

tin ^  same  time  through  an  opening  equal  to  two  square  inches,  with 

^    "velocity  of  J ;  and  would  require,  on  the  other  hand,  a  velocity 

*^^  2  T,  to  pass  in  the  same  time  through  an  opening  equal  to  one- 

^^If  a  Bquare  inch.     Now  the  capacity  of  the  entire  venous  system, 

^*^liea  distended  by  injection,  is  about  twice  as  great  as  that  of  the 

^*-3tire  arterial  system.     During  life,  however,  the  venous  system  is 

^"'^  no  time  so  completely  filled  with  blood  as  is  the  case  with  the 

^^^*neries,  and,  making  allowance  for  this  difference,  we  find  that  the 

^^  *tire  quantity  of  venous  blood  is  to  the  entire  quantity  of  arterial 

^^lood  nearly  as  three  to  two.     The  velocity  of  the  venous  blood, 

^ns  compared  with  that  of  the  arterial,  is  therefore  as  two  to  three ; 

^^r  about  8  inches  per  second.    It  will  be  understood,  however,  that 

^his  calculation  is  altogether  approximative,  and  not  exact ;  since 

T-he  venous  current  varies,  according  to  many  different  circumstances, 

in  different  parts  of  the  body;  being  slower  near  the  capillaries, 

nd  more  rapid  near  the  heart.     It  expresses,  however,  with  suffi- 

'^ient  accuracy,  the  relative  velocity  of  the  arterial  and  venous  cui' 

Tents,  at  corresponding  parts  of  their  course. 


THE  CAPILLARY  CIRCULATION^, 

The  capillary  bloodvessels  are  minute  inosculating  tubes,  which 
permeate  the  vascular  organs  in  every  direction,  and  bring  the 
blood  into  intimate  contact  with  the  substance  of  tbe  tissues.  Tliey 
are  continuous  with  the  terminal  ramifications  of  the  arteries  on 
the  one  hand,  and  with  the  commencing  rootlets  of  the  veins  on  the 
other.  They  vary  somewhat  in  size  in  different  organs,  and  in  dif- 
ferent species  of  animals;  their  average  diameter  in  the  human 
subject  being  a  little  over  ^oW  of  an  inch.  They  are  composed 
of  a  single,  transparent,  homogeneous,  somewhat  elastic,  tubular 
membrane,  which  is  provided  at  various  intervals  with  flattened, 
oval  nuclei  As  the  smaller  arteries  approach  the  capillaries,  they 
diminish  constantly  in  size  by  successive  subdivision,  and  lose  first 
their  external  or  fibrous  tunic.  They  are  then  composed  only 
of  the  internal  or  homogeneous  coat,  and  the  middle  or  muscular. 
^Fig.  99,  a.)  The  middle  coat  then  diminishes  in  thickness,  until 
il  is  reduced  to  a  single  layer  of  circular,  fusiform,  unstriped,  mas- 
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disappear  altogether,  as  thi 
;  leaving  only,  as  we  have  alre&dr 
mentioned,  a  simple,  hor 
ous,  nucleated,  tubular  mem- 
brane, which  is  continuous  with 
the  internal  arterial  tunic 

The  capillaries  are  further  di» 
ti  nguiahed  from  both  arteries  and] 
veins  by  their  frequent  inoscula 
tion.   The  arteries  constantly  dtl 
vide  and  subdivide,  as  they  | 
from  within  outward ;  while  the 
veins  as  constantly  unite  mihl 
each  other  to  form  larger  aod] 
less     numerous     branches   mi] 
trunks,  as  they  pass  from  the  cir- 
cumference toward   the  ceatrt. 
But  the  capillaries  simply  iuos* 
culate  with  each  other  m  ever? 
direetion,  in  such  a  manner  as  to 
form  an  interlacing  network  or  plexus,  the  cajnlhry  plexus  (Rp.J 
100),  which  is  exceedingly  rich  and  abundant  in  some  organs^  1 

so  in  others.     The  spacer  in^ 
_^_^^^  *  eluded  between  the  me 

of  the  capillary  network  ' 
also,  in  shape  as  well  m  ia| 
size,  in  different  parts  of  tbe 
body.  In  the  muscular  tis- 
sue they  form  long  paraUell)* 
grams ;  in  the  areolar  tissoe^ 
irregular  shapeless  figure^ 
corresponding  with  the  is* 
rectiou  of  the  fibrous  baa^l 
dies  of  which  the  tissue  b 
composed.  In  the  mucoiis 
membrane  of  the  large  into- 
tine,  the  capillaries  include 
hexagonal  or  nearly  circular 
spaces,  enclosing  the  orifices  of  the  follicles.  In  the  papilla  of  the 
tongue  and  of  the  skin,  and  in  the  tutls  of  the  placenta,  they  are 
arranged  in  long  spiral  loops,  and  in  the  adipose  tissue  in  wide 
meshes,  among  which  the  fat  vesicles  are  entangled. 
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Fig.  101. 


Phe  motion  of  the  bhod  in  the  capillaries  may  be  studied  by 
examining  under  the  microscope  any  transparent  tissue,  of  a 
safBcient  degree  of  vascularity.  Ooe  of  the  most  convenient  part« 
for  this  purpose  is  the  web  of  the  frog's  foot.  When  properly 
prepared  and  kept  moistened  by  the  occasional  addition  of  water 
to  the  integument,  the  circulation  will  go  on  in  it«  vessels  for  an 
indefinite  length  of  time.  The  blood  can  be  seen  entering  the 
field  by  the  smaller  arteries,  shooting  through  them  with  great 
rapidity  and  in  successive  impulses,  and  flowing  off  again  by  the 

veins  at  a  somewhat  slow  rate.  In  the  capillaries  themselves 
the  circulation  is  considerably  less  rapid  than  in  either  the  arteries 

,  or  the  veins.  It  is  also  perfectly  steady  and  uninterrupted  in  its 
Bow.     The  blood  passes  along  in  a  uniform  and  continuous  current; 

^Tithout  any  apparent  contraction  or  dilatation  of  the  vessels,  very 
much  as  if  it  were  flowiug 
through  glass  tubes.    An- 
other very  remarkable  pe- 
culiarity   of   the    capillary 

^circulation  is  that  it  has  no 
definite  direction.    The  uu 

,  luerous  streams  of  which  it 

'is  composed  (Fig.  101)  do 
not  tend  to  the  right  or  to 
the  left,  nor  toward  any  one 
particular  point.  On  the 
contrary,  they  pass  above 
and  below  each  other,  at 
right  angles  to  each  other's 
course,  or  even  in  opposite 

'  directions ;  so  that  the  blood, 

kile  in  the  capillaries,  merely  circulates  promiscuously  amon*^ 
I  tissue^  io  such  a  manner  as  to  come  intimately  in  contact  with 
every  part  of  their  substance. 

The  motion  of  the  white  and  red  globules  in  the  circulating  blootl 
is  also  peculiar,  and  shows  very  distinctly  the  difference  in  their 
consistency  and  other  physical  properties.  In  the  larger  vessels 
the  red  globules  are  carried  along  in  a  dense  column,  in  the  central 
part  of  the  stream;  while  near  the  edges  of  the  vessel  there  is  a 

ptransparent  space  occupied  only  by  the  clear  plasma  of  the  blotxl, 
in  which  no  red  globules  are  to  be  seen.  In  the  smaller  vessels, 
the  globules  pass  along  in   a   narrower  column,  two  by  two,  or 
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following  each  other  in  single  file.  The  flexibility  and  aemi-flitui 
consistency  of  these  globules  are  here  very  apparent,  from  the 
readiness  with  which  they  become  folded  np,  bent  or  twisted  in 
turning  corner.'?,  and  the  ease  with  which  they  glide  through  minute 
branches  of  communication,  smaller  in  diameter  than  tbemselTeti 
The  white  globules,  on  the  other  hand,  flow  more  slowly  and  with 
greater  difficulty  through  the  vessels.  They  drag  along  the  exter 
nal  portions  of  the  current,  and  are  sometimes  momentarily  aiTBBted; 
apparently  adhering  for  a  few  seconds  to  the  internal  surface  of  the 
vessel.  Whenever  the  current  is  obstructed  or  retarded  in  mj 
manner,  the  white  globules  accumulate  in  the  affected  portion,  and 
become  more  numerous  there  in  proportion  to  the  red* 

It  is  during  the  capillary  circulation  that  the  blood  serves  for 
the  nutrition   of  the  vascular  organs.     Its  fluid  portions  slowly 
transude  through  the  walls  of  the  vessels,  and  are  absorbed  by  the 
tissues  in  such   proportion  as  is  requisite  for  their  nourishment 
The  saline  substances  enter  at  once  into  the  composition  of  ih^ 
surrounding  parts,  generally  without  undergoing  any  change.    Tto 
phosphate  of  lime,  for  example,  is  taken  up  in  large  quantity  by 
the  bones  and  cartilages,  and  in  smaller  quantity  by  the  softer  partfi; 
while  the  chlorides  of  sodium  and  potassium,  the  carbonates,  sul- 
phates, &c.,  are  appropriated  in  special  proportions  by  the  difiereoft 
tissues,  according  to  the  quantity  necessary  for  their  orga]iizatk|U 
The  albuminous  ingredients  of  the  blood,  on  the  other  hand,^^^^ 
not  only  absorbed  in  a  similar  manner  by  the  animal  tissues^  but  fit 
the  same  time  are  transformed  by  catalysis,  and  converted  into  new 
materials,  characteristic  of  the  different  tissues.     In  this  way  are 
produced  the  musculine  of  the  muscles,  the  osteine  of  the  baaes*  the 
cartilagine  of  the  cartilages,  &c.  &c.     It  is  probable  that  this  tnos- 
formation  Joes  not  take  place  in  the  interior  of  the  veseela 
selves ;  but  that  the  organic  ingredients  of  the  blood  are  absoi 
by  the  tissues,  and  at  the  same  moment  converted  into  new  mat? 
rials,  by  contact  with  their  substance.     The  blood  in  this  way  fur- 
nishes, directly  or  indirectly,  all  the  materials  necessary  for  the 
nutrition  of  the  body. 

The  physical  conditions  which  influence  the  movement  of  the 
blood  in  the  capillaries,  are  somewhat  different  from  those  which 
regulate  the  arterial  and  venous  circulations.  We  must  remember 
thai,  as  the  arteries  pass  from  the  heart  outward,  they  subdivide  and 
ramify  to  such  an  extent  that  the  surface  of  the  arterial  walls  ii 
very  much  increased  in  proportion  to  the  quantity  of  blood  which 
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ley  oontain.  It  is  on  tliis  account  that  the  arterial  pulsation  is  so 
intich  equalized  at  a  distance  from  the  heart,  since  the  influence  of 
the  elasticity  of  the  arterial  coats  is  thus  constantly  increased  from 
irithin  outward.  But  as  these  vessels  finally  reach  the  oonfiaes 
of  the  arterial  system,  having  already  been  very  much  increased 
number  and  diminished  in  size,  they  suddenly  break  up  into 
terminal  ramification  of  still  smaller  and  more  numerous  vessels, 
and  so  lose  themselves  at  last  in  the  capillary  network. 

By  this  final  increase  of  the  vascular  surface,  the  equalization  of 
the  heart's  action  is  completed.  There  is  no  longer  any  intermitting 
or  pulsatile  character  in  the  force  which  acts  upon  the  circulating 
fluid;  and  the  blood,  as  it  is  delivered  from  the  arteries,  moves 
through  the  capillary  vessels  under  a  perfectly  continuous  and  uni- 
form pressure. 

This  pressure  is  sufficient  to  cause  the  blood  to  pass  with  con- 
siderable rapidity,  through  the  capillary  plexus*  into  the  commence- 
ment of  the  veins.  This  fact  was  first  demonstrated  by  Pro£ 
Sharpey,'  of  London,  who  employed  an  injecting  syringe  with  a 
double  nozzle,  one  extremity  of  which  was  connected  with  a  mercu* 
rial  gauge,  while  the  other  was  inserted  into  the  artery  of  a  recently 
killed  anirauL  When  the  syringe,  filled  with  defibrinated  blood, 
was  fixed  in  this  position  and  the  vessels  of  the  animal  injected,  the 
defibrinated  blood  would  press  with  equal  force  upon  the  mercury 
in  the  gauge  and  upon  the  fluid  in  the  bloodvessels;  and  thus  it 
was  easy  to  ascertain  the  exact  amount  of  pressure  required  to  force 
the  defibrinated  blood  through  the  capillaries  of  the  animal,  and  to 
make  it  return  by  the  corresponding  vein.  In  this  way  Prof, 
Sharpey  found  that  when  the  free  end  of  the  injecting  tube  was 
^^ttached  to  the  mesenteric  artery  of  the  dog,  a  pressure  of  90  milli- 
^Ktetres  of  mercury  caused  the  blood  to  pass  through  the  capillaries 
^Bf  the  intestine  and  of  the  liver;  and  that  under  a  pressure  of  130 
^BftillimetreSy  it  flowed  in  a  full  stream  from  the  divided  extremity 
^Bjf  the  vena  cava. 

^H  We  have  also  performed  a  similar  experiment  on  the  vessels  of 
^The  lower  extremity.  A  full  grown  healthy  dog  was  killed,  and 
the  lower  extremity  immediately  injected  with  defibrinated  blood, 
by  the  femoral  artery,  in  order  to  prevent  coagulation  in  the  smaller 
vessels.  A  syringe  with  a  double  flexible  nozzle  was  then  filled 
with  defibrinated  blood,  and  one  extremity  of  its  injecting  tube 

*  ToiW  and  Bowmaim,  Ph/»ii)logJc*l  Auatotnjr  and  Pbysiologj  of  maii»  vol,  il.  p. 
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attacbed  to  the  femoral  artery,  tlie  other  to  the  roouthpiece  of  a 
cardiometer*  By  making  the  injection,  it  was  then  found  that  the 
deiibrinated  blood  ran  from  the  femoral  vein  in  a  continuous  stream 
under  a  pressure  of  120  millimetres,  and  that  it  was  discharged  very 
freely  under  a  pressure  of  130  millimetres. 

Since,  as  we  have  already  seen,  the  arterial  pressure  upon  tbe  j 
blood  is  equal  to  six  inches,  or  150  millimetres,  of  mercury,  it  is^ 
evident  that  this  pressure  b  sufficient  to  propel  the  blood  through 
the  capillary  circulation. 

Beside,  the  bkH>d  is  not  altogether  relieved  from  the  influeuoe  of 
elasticity,  after  it  has  left  the  arteries.     For  the  capillaries  tbem* 
selves  are  elastic,  notwithstanding  the  delicate   texture  of  their  j 
walls;   and  even  the  tissues  of  the  organs  which  they  traverse 
possess,  in  many  instances,  a  considerable  share  of  elasticity,  onring  , 
to  the  minute  clastic  fibres  which  are  scattered  through  their  sah- 1 
stance.    These  elastic  fibres  are  found  in  considerable  quantity  in  ' 
the  lungs,  the  spleen,  the  skin,  the  lobulated  glands,  and  more  or 
less  in  the  mucous  membranes.     They  are  abundant,  of  course,  in 
the  fibrous  tissues  of  the  extremities,  in  the  fasciae,  the  tendons,  and 
the  intermuscular  substance. 

In  the  experiment  of  injecting  the  vessels  of  the  lower  extreroitj 
with  defibriaated  blood,  if  the  injection  be  stopped,  the  blood  does] 
not  iustantly  cerise  flowing  from  the  extremity  of  the  femoral  rein,  I 
but  continues  for  a  short  time,  until  the  elasticity  of  the  intervening 
parts  is  exhausted. 

The  same  thing  may  be  observed  even  in  the  liver.  If  the  eatl 
of  a  water-pipe  be  inserted  into  the  portal  vein,  and  the  liver  in- 1 
jected  with  water  under  the  pressure  of  a  hydrant,  the  liquid  will 
distend  the  vessels  of  the  organ,  and  pass  out  by  the  hepatic  veini  I 
But  if  the  portal  vein  be  suddenly  tied  or  compressed,  so  as  to  shot  j 
oft'  the  pressure  from  behind,  the  stream  will  continue  to  run,  fori 
several  seconds  afterward,  from  the  hepatic  vein,  owing  to  thei^f 
action  of  the  organ  itself  upon  the  fluid  contained  in  its  vessels 

As  a  general  rule,  also,  the  capillaries  do  not  suflfer  any  backward  I 
pressure  frurn  the  venous  system.  On  the  contrary,  as  soon  as  thfll 
blood  has  been  delivered  into  the  veins,  it  is  hurried  onward  tovardl 
the  heart  by  the  compression  of  the  muscles  and  the  action  of  tba  j 
venous  valves.  The  right  side  of  the  heart  itself  continues  the  same 
process,  by  its  regular  contractions,  and  by  the  action  of  its  awa^ 
valvular  apparatus ;  so  that  the  bloo<i  is  constantly  lifted  away  froo 
the  capillaries,  by  the  muscular  action  of  the  surrounding  pAit& 
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These  are  the  most  important  of  the  mechanical  influences  under 
which  the  blood  mores  through  the  continuous  round  of  the  circu- 
lation. The  heart,  by  its  alternating  contractions  and  relaxations, 
and  by  the  backward  play  of  its  valves,  continually  urges  the  blood 
forward  into  the  arterial  system.  The  arteries,  by  their  dilatable 
and  elastic  walls,  convert  the  cardiac  pulsations  into  a  uniform  and 
steady  pressure.  Under  this  pressure,  the  blood  passes  through  the 
eapilhjry  vessels;  and  it  is  then  carried  backward  to  the  heart 
through  the  veins,  assisted  by  the  action  of  the  muscles  and  the 
respiratory  movements  of  the  chest. 

An  important  class  of  phenomena  connected  with  this  part  of  the 
subject  consists  of  the  heal  variations  in  the  capillary  circulation. 
These  variations  are  often  very  marked,  and  show  themselves  in 
many  different  parts  of  the  body.  The  pallor  or  suftusion  of  the 
ikce  under  mental  emotion,  the  congestion  of  the  mucous  membranes 
during  the  digestive  process,  and  the  local  and  defined  redness  of 
the  skin  produced  by  any  irritating  application^  are  all  instances  of 
lis  sort.  These  changes  are  due  to  the  contraction  and  dilatation 
the  more  minute  arterial  branches  which  supply  the  part  with 
blood,  under  the  influence  of  nervous  action.  We  have  already 
seen  that  these  smaller  arteries  are  provided  with  organic  muscular 
ibres;  and  that  in  their  smallest  branches,  which  immediately  com- 
lunicate  with  the  capillaries,  the  middle  coat  is  composed  exclu- 
sively of  such  muscular  fibres.  These  vessels,  therefore,  by  their 
ate  of  comparative  contraction  and  dilatation,  regulate,  to  a  cer- 
lin  extent,  the  quantity  of  blood  admitted  to  a  part.  When  con- 
icted  they  resist  more  strongly  the  impulsive  force  of  the  arterial 
irrent,  and  the  blotDd  enters  the  capillaries  in  smaller  quantity. 
When  dilated  they  allow  a  freer  access  to  the  capillaries  and  admit 
the  blood  in  greater  abundance. 

These  changes  in  the  condition  of  the  smaller  arteries,  and  the 
coDsequent  variations  in  the  capillary  circulation,  are  caused  by  dif- 
ferent nervous  influences,  some  of  which  are  occasional  and  acci- 
dental, while  others  recur  with  a  certain  degree  of  regularityi  as  in 
the  periodical  excitement  of  the  digestive  organs. 

The  rapidity  of  the  circulation  in  the  capillary  vessels  ia  much 
.  than  in  the  arteries  or  the  veins.     It  may  be  measured,  with  a 
[ilerable  approach  to  accuracy,  during  the  microscopic  examination 
of  transparent  and  vascular  tissues,  as,  for  example,  the  web  of  the 
?g's  foot,  or  the  mesentery  of  the  rat.     The  results  obtained  in 
Liray  by  different  observers  (Valentine,  Weber,  Volkmann,  &c.)j 
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toward  the  heart;  and  when  the  muscle  relaxes  and  the  veinT 
liberated  from  pressure,  it  again  filla  up  from  behind,  and  the  df- 
culation  goes  on  as  before.  This  force  is  a  very  efficient  one  in 
producing  the  venous  cireulation ;  since  the  voluntary  muscles  tre 
more  or  less  active  in  every  position  of  the  body,  and  the  veins 
constantly  liable  to  be  compressed  by  them.  It  is  on  this  aoc<mnl 
that  the  veins,  in  the  external  parts  of  the  body,  communicate  &) 
freely  with  each  other  by  transverse  branches;  in  order  that  the 
current  of  blood,  which  is  momentarily  excluded  from  one  vein  by 
the  pressure  of  the  muscles,  may  readily  find  a  passage  through 
others,  which  communicate  by  cross  branches  with  the  first  (RgBL 
97  and  98.) 

8.  The  force  qf  the  capillary  circulation, — This  last  cause  of  the 
motion  of  the  blood  through  the  veins  is  the  most  important  of  all, 
as  it  is  the  only  one  which  is  constantly  and  universally  active.    In 
fish,  for  example,  respiration  is  performed  altogether  by  gills ;  wid 
in  reptiles  the  air  is  forced  down  into  the  lungs  by  a  kind  of  deglu- 
tition, instead  of  being  drawn  in  by  the  expansion  of  the  chest.    In 
neither  of  these  classes,  therefore,  can  the  movements  of  respiration 
assist  mechanically  in  the  circulation  of  the  blood.    In  the  splanch* 
nic  cavities,  again,  of  all  the  vertebrate  animals,  the  veins  coming 
from  the  internal  organs,  as,  for  example,  the  cerebral,  pulmonary, 
portal,  hepatic,  and  renal  veins,  are  unprovided  with  valves;  and 
the  passage  of  the  blood  through  them  cannot  therefore  be  effected 
by  any  lateral  pressure.    The  circulation,  however,  constantly  going 
on  in  the  capillaries,  everywhere  tends  to  crowd  the  radicles  of  the  | 
veins  with  blood ;  and  this  vis  a  itrgo^  or  pressure  from  behind,  fills  1 
the  whole  venous  system  by  a  constant  and  steady  accumulatioa  | 
So  long,  therefore,  as  the  veins  are  relieved  of  blood  at  their  cardiac  i 
extremity  by  the  regular  pulsations  of  the  heart,  there  is  no  btck- 
ward  pressure  to  oppose  the  impulse  derived  from  the  capillary  cir- 
culation ;  and  the  movement  of  the  blood  through  the  veins  continues ' 
in  a  steady  and  uniform  course. 

With  regard  to  the  rapidity  of  th^  venous  circulatiott,  no  direct  j 
results  have  been  obtained  by  experiment*  Owing  to  the  flaccidity 
of  the  venous  parietes,  and  the  readiness  with  which  the  flow  of  i 
blood  through  them  is  disturbed,  it  is  not  possible  to  determine  thiil 
point  for  the  veins,  in  the  same  manner  as  it  has  been  determined  f 
for  the  arteries.  The  only  calculation  which  has  been  made  in  i\m  ' 
respect  is  based  upon  a  comparison  of  the  total  capacity  of  the 
arterial  and  venous  systems.    As  the  same  blood  which  passes  oat* 
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through  the  arteries,  passes  inward  again  through  the  veins, 
rapidity  of  its  flow  in  each  must  be  in  inverse  proportion  to  the 
capacity  of  the  two  sets  of  vessels*  That  is  to  say,  a  quantity  of 
blood  which  would  pass  in  a  given  time,  with  a  velocity  of  x, 
through  an  opening  equal  to  one  square  inch,  would  pas?  during 
the  same  time  through  an  opening  equal  to  two  square  inches,  with 
a  velocity  of  | ;  and  would  require,  on  the  other  hand,  a  velocity 
of  2  X,  to  pass  in  the  same  time  through  an  opening  equal  to  one- 
half  a  square  inch.  Now  the  capacity  of  the  entire  venous  system^ 
when  distended  by  injection,  is  about  twice  as  great  as  that  of  the 
entire  arterial  system.  During  life,  however,  the  venous  system  is 
at  no  time  &o  completely  filled  with  blood  as  is  the  case  with  the 
arteries,  and,  making  allowance  for  this  difference,  we  find  that  the 
entire  quantity  of  venous  blood  is  to  the  entire  quantity  of  arterial 
blood  nearly  as  three  to  two.  The  velocity  of  the  venous  blood, 
as  compared  with  that  of  the  arterial,  is  therefore  as  two  to  three ; 
or  about  8  inches  per  second.  It  will  be  understood,  however,  that 
this  calculation  is  altogether  approximative,  and  not  exact;  since 
the  venous  current  varies,  according  to  many  different  circumstances^ 
in  different  parts  of  the  body;  being  slower  near  the  capillaries, 
and  more  rapid  near  the  heart.  It  expresses,  however,  with  suiB- 
cient  accuracy,  the  relative  velocity  of  the  arterial  and  venous  cur- 
rents, at  corresponding  parts  of  their  course. 
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The  capillary  bloodvessels  are  minute  inosculating  tul>es,  which 
the  vascular  organs  in  every  direction,  and  bring  the 
into  intimate  contact  with  the  substance  of  the  tissues.  They 
are  continuous  with  the  terminal  ramifications  of  the  arteries  on 
ibe  one  hand,  and  with  the  commencing  rootlets  of  the  veins  on  the 
other.  They  vary  somewhat  in  size  in  different  organs,  and  in  dif- 
ferent species  of  animals;  their  average  diameter  in  the  human 
subject  being  a  little  over  aooc  of  an  inch.  They  are  composed 
of  a  single,  transparent,  homogeneous,  somewhat  elastic,  tubular 
membrane,  which  is  provided  at  various   intervals  with  flattened, 

Kd  nuclei.     Ab  the  smaller  arteries  approach  the  capillaries,  they 
linish  constantly  in  size  by  successive  subdivision,  and  lose  first 
ir  external   or   fibrous  tunic.     They  are  then  composed  only 
of  the  internal  or  homogeneous  coat,  and  the  middle  or  muscular. 
.  99,  a.)     The  middle  coat  then  diminishes  in  thickness,  until 
\u  reduoed  to  a  single  la^^er  of  circular,  fusiform,  unatriped,  mus- 
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cular  fibres,  whicli  in  their  turo  disappear  altogether,  aa  the  artery 
merges  at  last  in  the  capiUaries;  leaving  onljr^  as  we  have  alreadj 

mentioned,  a  simple,  homogene- 
^^^*  ^^'  ous,    nucleated,    tubular    mem- 

brane,  which  is  continuous  witb 
the  internal  arterial  tunic. 

The  capillaries  are  further  dis- 
tinguished from  both  arteries  and 
veins  by  their  frequent  iDoscuk- 
tion.  The  arteries  constantly  di- 
vide and  subdivide,  as  they  ptss 
from  within  outward ;  while  the 
veins  as  couisiantly  unite  with 
each  other  to  form  larger  aod 
less  numerous  branches  aod^ 
trunks,  as  they  pass  from  the  cii-  W 
curaference  toward  the  ceatie. 
But  the  capiHaries  simply  inoa- 
culate  with  each  other  in  every 
direction,  in  such  a  manner  as  to 
form  an  interlaciog  network  or  plexus,  the  capiUartf  plexus  (Fig- 
100),  which  is  exceedingly  rich  and  abundant  in  some  organs^  lci8 

so  in  others.    The  spaces  in- 
^^'      •  eluded  between  the  meahes 

of  the  capillary  network  vary 
also,  in  shape  as  well  as  ia 
size,  in  different  parte  of  tbe 
body.     In  the  muscular  ti^  . 
sue  they  form  long  parallelo- 
grams ;  in  the  areolar  tissue, 
irregular    shapeless    figurt^ 
corresponding   with   the  di-j 
rectiou  of  the  fibrous  bus^l 
dies  of  which  the  tissue  is) 
composed.     In   the  mucooiii 
membrane  of  the  large  inte»« 
tine,  the  capillaries  include  j 
hexagonal  or  nearly  circular ' 
spaces,  enclosing  the  orifices  of  the  follicles.     In  the  papilla  of  the 
tongue  and  of  the  skin,  and  in  the  tuJIts  of  the  placenta^  ihcy  are 
arranged  in  long  spiral  loops,  and  in  the  adipose  tissue  in  wide 
meshes,  among  which  the  fat  vesicles  are  entangled. 
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The  motion  of  the  blood  in  the  capillaries  may  be  studied  by 
cxatnining  under  the  microscope  any  transparent  tissue,  of  a 
sufficient  degree  of  vascularity.  One  of  the  most  convenient  parta 
for  this  purpose  is  the  web  of  the  frog*s  foot.  When  properly 
prepared  and  kept  moistened  by  the  occasional  addition  of  water 
to  the  integument,  the  circulation  will  go  on  in  its  vessels  for  an 
indefinite  length  of  time.  The  blood  can  be  seen  entering  the 
field  by  the  smaller  arteries^  shooting  through  them  with  great 
rapidity  and  in  successive  impulses,  and  flowing  oflF  again  by  the 
Teins  at  a  somewhat  slow  rate.  In  the  capillaries  themselves 
the  circulation  is  considerably  lesa  rapid  than  in  either  the  arteries 
or  the  veins.  It  is  also  perfectly  steady  and  uninterrupted  in  its 
flow.  The  blood  passes  along  in  a  uniform  and  continuous  current; 
without  any  apparent  contraction  or  dilatation  of  the  vessels,  very 
much  as  if  it  were  flowing 
through  glass  tubes.  An- 
other  very  remarkable  pe- 
culiarity of  the  capillary 
circulation  is  that  it  has  no 
definite  direction.  The  nu 
merous  streams  of  which  it 
is  composed  (Fig.  101)  do 
not  tend  to  the  right  or  to 
the  left,  nor  toward  any  one 
particular  point.  On  the 
contrary,  they  pass  above 
and  below  each  other,  at 
rigbt  angles  to  each  other's 
course,  or  even  in  opposite 
directions ;  so  that  the  blood, 

tkiile  in  the  capillaries,  merely  circulates  promiscuously  amon;^ 
e  ti^ues,  in  such  a  manner  as  to  come  intimately  in  contact  with 
every  part  of  their  substance. 

The  motion  of  the  white  and  red  globules  in  the  circulating  blood 
is  also  peculiar,  and  shows  very  distinctly  the  difterence  in  their 
consistency  and  other  physical  properties.  In  the  larger  vessels 
the  red  globules  are  carried  along  in  a  dense  column,  in  the  central 
part  of  the  stream;  while  near  the  edges  of  the  vessel  there  is  a 
transparent  space  occupied  only  by  the  clear  plasma  of  the  blood, 
in  which  no  red  globules  are  to  be  seen.  In  the  smaller  vessels, 
globules  pass  along  in   a   narrower  column,  two  by  two^  or 
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We  must  regard  the  circulation  of  the  blood,  therefore,  not  as  a 
simple  process,  but  as  made  up  of  many  different  circulations,  going 
on  simultaneously  in  different  organs.    This  may  he  represented  in 
diagram,  as  in  Fig.  102,  where  the  variations  of  the  circulation,  in 
different  parts  of  the  body,  are  indicated  in  such  a  manner  as  to 
show,  in  some  degree,  the  complicated  character  of  its  phenomena. 
The  circulation  is  modified  in  these  different  parts,  not  only  in  its 
mechanism,  but  also  in  its  rapidity  and  quantity,  and  in  the  nutri- 
tive functions  performed  by  the  blood.    In  one  part,  it  stimulates 
the  nervous  centres  and  the  organs  of  special  sense ;  in  others  it 
supplies  the  fluid  secretions,  or  the  ingredients  of  the  solid  tissues. 
One  portion,  in  passing  through  the  digestive  apparatus,  absorbs 
the  materials  requisite  for  the  nourishment  of  the  body ;  another, 
in  circulating  through  the  lungs,  exhales  the  carbonic  acid  which 
it  has  accumulated  elsewhere,  and  absorbs  the  oxygen  which  is  to 
be  transported  to  distant  tissues.  The  phenomena  of  the  circulation 
are  even  liable,  as  we  have  already  seen,  to  periodical  variations  in 
the  same  organ ;  increasing  or  diminishing  in  intensity  with  the 
condition  of  rest  or  activity  of  the  whole  body,  or  of  the  particular 
organ  which  is  the  subject  of  observation. 
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CHAPTER   XV. 

tMBIBITlON  AND   EX  H  AL  AT  I  ON.— THE  LYMPHATIC 

SYSTEM. 


BlTRlNG  tLe  passage  of  the  blood  through  the  capillaries  of  the 
fcirculatory  system,  a  very  important  series  uf  changes  takes  place 
by  which  its  ingredients  are  partly  transferred  to  the  tissues  by 
'exhalation,  and  at  the  same  time  replaced  by  others  which  the  blood 
-derives  by  absorption  from  the  adjacent  parts.  These  phenomena 
iepend  upon  the  property,  belonging  to  animal  merabrnnes,  of 
ibibing  or  absorbing  certain  fluid  substances  in  a  peculiar  way. 
They  are  known  more  particularly  as  the  phenomena  of  emlosniosis 
ind  exosmosis. 

These  phenomena  may  be  demonstrated  in  the  following  way. 

If  we  take  two  different  liquids,  for  example  a  solution  of  salt  and 

_a  quantity  of  distilled  water,  and  inclose  them  in  a  glass  vessel 

rith  a  fresh  animal  membrane  stretched  between,  so  that  there  is 

do  direct  communication  from  one  to  the  other,  the  tw*o  liquids 

eing  in  contact  with  opposite  sides  of  the  membrane,  it  will  be 

found  after  a  time  that  they  have  become  mingled,  to  a  certain 

extent,  with  each   other.     A  part  of  the  salt  will  have  passed 

ato  the  distilled  water,  giving  it  a  saline  taste;  and  a  part  of  the 

vater  will  have  passed  into  the  saline  solution,  making  it  more 

dilute  than  before.     If  the  quantities  of  the  two  liquids,  which 

have  become  so  transferred,  be  measured,  it  will  be  found  that  a 

comparatively  large   quantity  of  the  water  has  passed   into  the 

saline  solution,  and  a  comparatively  small  quantity  of  the  saline 

3lutioa  has  passed  out  into  the  water.    That  is,  the  water  passes 

iward  to  the  salt  more  rapidly  than  the  salt  passes  outward  to  the 

rater.     The  consequence  is,  that  an  accumulation  soon  begins  to 

bow  itself  on  the  side  of  the  salt    The  saline  solution  is  increased 

|n  volume  and  diluted,  while  the  water  is  diminished  in  volume, 

id  acquires  a  saline  ingredient.     This  abundant  passage  of  the 

irater^  through  the  membrane,  to  the  salt,  is  called  endosniosis  ;  and 
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the  more  scanty  passage  of  the  salt  outward  to  tbe  water  is  mWoi  \ 

The  mode  usually  adopted  for  measuring  tho  rapiaiiy  oi  cndos-  , 
mosis  is  to  take  a  gUiss  vesael^  shaped  somewhat  like  an  inverted  i 
funnel,  wide  at  the  hottom  and  narrow  at  the  top*     The  bottom  of 
the  vessel  is  closed  by  a  thin  animal  membrane,  like  tho  mucous  I 
membrane  of  an  ox-bladder,  which  ia  stretched  tightly  over  its  edge  I 
and  secured  by  a  ligature.     From  the  top  of  the  vessel  there  rises 
a  very  narrow  glass  tube,  open  at  its  upper  extremity.     When  the  I 
instrument  is  thus  prepared,  it  is  filled  with  a  sulutioa  of  sugar ' 
and  placed  in  a  vessel  of  distilled  water,  so  that  the  animal  mem- 
brane, stretched  across  its  mouth,  shall  be  in  contact  with  puw 
water  on  one  side  and  with  the  saccharine  solution  on  the  other. 
The  water  tlien  passes  in  through  the  membrane,  by  endosmci^i^ 
faster  than  the  saccharine  solution  passes  out    An  accumuhiticm  * 
therefore  takes  place  inside  the  vessel,  and  the  level  of  the  fluid 
rises  in  the  upright  tube.     The  height  to  which  the  fluid  thus  rises  1 
in  a  given  time  la  a  measure  of  the  intensity  of  the  endosmosis^  and 
of  its  excess  over  exosmosis.     By  varying  the  constitution  of  the 
two  liquids,  the  arrangement  of  the  membrane,  &c.,  the  variatioa 
in  endosmotic   action   under   different    conditions   may  be  easily  , 
ascertained.     Such  an  instrument  is  called  an  endosmomeicr* 

If  the  extremity  of  the  upright  tube  be  bent  over,  so  as  to  point 
dottTiward,  as  endosmosis  continues  to  go  on  after  the  tube  has 
become  entirely  filled  by  the  rising  of  the  fluid,  the  saccharine  K>ta» 
tion  will  be  discharged  in  drops  from  the  end  of  the  tube,  and  hHi 
back  into  the  vase  of  water.     A  steady  circulation  will  thus  bt 
kept  up  for  a  time  by  the  force  of  endosmosis.     The  water  atiU 
passes  through  the  membrane,  and  accumulates  in  the  endosmo^  I 
meter;  but,  as  this  is  already  full  of  fluid,  the  surplus  immediately  J 
falls  back  into  the  outside  vase,  and  thus  a  current  is  e-stablislied  ( 
which  will  go  on  until  the  two  liquids  have  become  intimatdy 
mingled. 

The  conditions  which  influence  the  rapidity  and  extent  of  endoe* 
mosis  have  been  moat  thoroughly  investigated  by  Dutrochet,  who 
was  the  first  to  make  a  systematic  examination  of  the  subjects 

The  first  of  these  conditions  is  the  freshness  of  the  animal  fim 
brane.     This  is  an  indispensable  requisite  for  the  success  of  the  MD»  I 
periment.    A  membrane  that  has  been  dried  and  moistened  digoiiif  Of 
one  that  has  begun  to  putrefy,  will  not  produce  the  desired  eflbet.  U  j 
has  been  also  found  that  if  the  membrane  of  the  endosmometer  bo  J 
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allowed  to  remain  and  soak  in  the  fluids,  after  the  column  has  risen 
to  a  certain  height  in  the  upright  tube^  it  begins  to  descend  again 
as  »oon  as  putrefaction  commences,  and  the  two  liquids  finally  sink 
to  the  same  level. 

The  next  condition  is  the  extent  of  contact  between  the  membrane 
and  the  two  liquids.  The  greater  the  extent  of  this  contact,  the 
more  rapid  and  forcible  is  the  current  of  endosniosis.  An  endos- 
mometer  with  a  wide  mouth  will  produce  more  effect  than  with  a 
narrow  one,  though  the  volume  of  the  liquid  contained  in  it  may 
be  the  same  in  both  instances.  The  action  takes  place  at  the 
surlace  of  the  membrane,  and  is  proportionate  to  its  extent. 

Another  very  important  circumstance  is  the  conslitutiori  of  the  two 
iliqidtk,  and  their  relation  to  each  other.  As  a  general  thing,  if  we 
water  and  a  saline  solution  in  our  experiments,  endosmosis  is 
more  active,  the  more  concentrated  is  the  solution  in  the  endosmo- 
meter,  A  larger  quantity  of  water  will  pass  inward  toward  a  dense 
solution  than  toward  one  which  is  dilute.  But  the  force  of  endos- 
losis  varies  with  different  liquids,  even  when  they  are  of  the  same 
lensity,  Dutrochet  measured  the  force  with  which  water  passes 
the  mucous  membrane  of  the  ox-bladder  into  different 
tions  of  the  same  density.  He  found  that  the  foroe  varies  with 
Kfferent  snbstances,  as  follows :  *  — 

Eodosmoeifi  uf  water,  with  a  solation  of  albiimeii        .        .        12 

♦*  •*  **  fiogar      .         .         .         11 

"  "  gum        ...  5 

«  "  *•  geraUue  .  3 

The  position  of  the  mewhrane  also  makes  a  difterence.    With  some 
|fluids,  endosmosis  is  more  rapid  when  the  membrane  has  its  mucous 
irface  in  contact  with  the  dense  solution,  and  its  dissected  surface 
contact  with  the  water.     With  other  substances  the  more  favor- 
able position  is  the  reverse.     Matteucci  found  that,  in  using  the 
mucous  membrane  of  the  ox-bladder  with  water  and  a  solution  of 
r,  if  the  mucous  surface  of  the  membrane  were  in  contact  with 
'the  saccharine  solution,  the  liquid  rose  in  tlie  endosmometer  between 
four  and  five  inches.     But  if  the  same  surface  were  turned  outward 
:)ward  the  water,  the  column  of  fluid  was  less  than  three  inches  in 
beight.   Different  membranes  also  act  with  different  degrees  of  force. 
The  effect  produced  is  not  the  same  with  the  integument  of  different 
limals,  nor  with  mucous  membranes  taken  from  different  parts  of 
the  body. 

to  MAU^ucei*!  L(»etor(ka  on  ibn  Ph^sicKl  Phenomena  of  LtTing  Tklngf.    PhiladaM 
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Generally  speaking,  endosmosis  is  more  active  when  the  Innper- 
aiure  is  moderately  elevated.  Dutrochet  noticed  that  an  endoamo- 1 
meter^  conUdoitig  a  solution  of  gum^  absorbed  only  one  volume  of 
water  at  a  temperature  of  82**  Fabr.,  but  absorbed  three  volumes ' 
at  a  temperature  a  little  above  90°.  Variations  of  temperature  will 
flometimea  even  change  the  direction  of  the  endosmosis  altogether, 
particularly  with  dilute  solutions  of  hydrochloric  acid.  Dutrocbct 
found,  for  example/  that  when  the  endosmometer  was  filled  with 
dilute  hydrochloric  acid  and  placed  in  distilled  water,  at  the  tero* 
peratiire  of  50°  B\,  endosmosis  took  place  from  the  acid  to  the  water, 
if  the  density  of  the  acid  solution  were  less  than  1.020;  but  that  it 
took  place  from  the  water  to  the  acid,  if  its  density  were  greater 
than  this.  On  the  other  hand,  at  the  temperature  of  72*^  F.,  the 
current  was  from  within  outward  when  the  density  of  the  acid  ^►lu- 
tion  was  below  1,003,  and  from  without  inward  when  it  was  above 
that  poiut. 

Finally,  the  pressure  which  is  exertefl  upon  the  fluids  and  the 
membrane  favors  their  endosmosis.  Fluids  that  pass  slowly  under 
a  low  pressure  will  pass  more  rapidly  with  a  higher  one.  Different 
liquids,  too,  require  difterent  degrees  of  pressure  to  mnke  tbera 
pass  the  same  membrane.  Liebig*  has  measured  the  pressure  re^ 
quired  for  several  different  liquids,  in  order  to  make  tbem  piitis 
through  the  same  membrane.     He  found  that  this  pressure  was 

Ik  cast  OF  Mkrcost. 

For  alcohol •         .         ,         52 

Fi.T  oil 37 

For  sohition  of  salt     .......         20 

For  water  .««.,,...         13 

There  are  some  cases  in  which  endosmosis   takes   place  with- 
out being  accompanied  by  exosmosis.     This  occurs  when  we  iwe 
water  and  albumen  as  the  two  liquids.    For  while  water  readily  I 
passes  in  through  the  animal  membrane,  the  albumen  does  ai)t 
pass  out.     If  an  opening  be  made,  for  example,  in  the  large  cod 
of  an  egg,  so  as  to  expose  the  shell'merabrane.  and  the  wfaolo  to  I 
then  placed  in  a  goblet  of  water,  endosmosis  will  take  place  very  , 
freely  from  the  water  to  the  albumen,  so  as  to  distend  the  sheU- 
merabrane  and  make  it  protrude,  like  a  hernia,  from  the  opening  in 
the  shell    But  the  albumen  does  not  pass  outward  through  the 
membrane,  and  the  water  in  the  goblet  remains  pure.    After  a  time, 

'  In  MilnH  ErJwnrfU,  L4*<jods  "nr  In  PliysiolaRi**.  Ac,  vol,  r.  p.  104, 
*  lu  Luugfl's  Trailw  lie  Pbyaiolo^'ie.  vol.  i.  p.  384. 
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however,  the  accumulation  of  fluid  in  the  interior  becomes  so  ex^ 
cessive  as  to  burst  the  shell- membrane,  and  then  the  two  liquids 
L^  become  mingled  with  each  other. 

^fe      These  are  the  principal  conditions  by  which  endosmosis  is  influ. 
^^pnoed  and  regulated.     Let  us  now  see  what  is  the  nature  of  the 
^^^roceas,  and  upon  what  its  phenomena  depend. 
I  Endosmosis  is  not  dependent  upon  the  simple  force  of  diffusion 

or  admixture  of  two  different  liquids.  For  sometimes^  as  in  the 
case  of  albumen  and  water,  all  t!ie  fluid  passes  in  one  direction  and 
none  in  the  other.  It  is  true  that  the  activity  of  the  process  de- 
pends very  much,  as  we  have  already  seen,  upon  the  difference  in 
constitution  of  the  two  liquids.  With  water  and  a  saline  solution, 
for  instance,  the  stronger  the  solution  of  salt,  the  more  rapid  is  the 
I  endosmosis  of  the  water.  And  if  two  solutions  of  salt  be  used, 
^Kirith  a  membranous  septum  between  them,  endosmosis  takes  place 
^"  from  the  weaker  solution  to  the  stronger,  and  is  proportionate  in 
[  activity  to  the  difterence  in  their  densities.  From  this  fact,  Dutro- 
^Krcbet  was  at  first  led  t^^  believe  that  the  direction  of  endosmosis  was 
^■determined  by  the  difference  in  density  of  the  two  liquids,  and  that 
^Pthe  current  of  accumulation  was  always  directed  from  the  lighter 
liquid  to  the  denser.  But  we  now  know  that  this  is  not  the  case. 
For  though,  with  solutions  of  salt,  sugar,  and  the  like,  the  current 
of  endosmosis  is  from  the  lighter  to  the  denser  liquid ;  in  other 
instances  it  is  the  reverse.  With  water  and  alcohol,  for  example, 
endosmosis  takes  place,  not  from  the  alcohol  to  the  water,  but  from 
the  water  to  the  alcohol ;  that  is,  from  the  denser  liquid  to  the  lighter, 

I The  difference  in  density  of  the  liquids,  therefore,  is  not  the  only 

^fc condition  wliieh  regulates  the  direction  of  the  endosmotic  current. 
^^Id  point  of  fact,  the  process  of  endosmosis  does  not  depend  princi- 
pally upon  the  attraction  of  the  two  liquids  for  each  other,  but 
upon  the  attraction  of  the  animal  membrane  for  the  two  liquids.    The 
embrane  is  not  a  passive  filter  through  which  the  liquids  mingle, 
ut  is  the  active  agent  which  determines  their  passage.    The  mem- 
brane has  the  power  of  absorbing  liquids,  and  of  taking  them  up 
,nto  its  own  substance.   This  power  of  absorption,  belonging  to  the 
embrane,  depends  upon  the  organic  or  albuminous  ingredients 
f  which  it  is  composed;  and,  with  different  animal  substances,  the 
wer  of  absorption  is  different.     The  tissue  of  cartilage,  for  exam- 
1e,  will  absorb  more  water,  weight  for  weight,  than  that  of  the 
ndons ;  and  the  tissue  of  the  cornea  will  absorb  nearly  twice  as 
much  as  that  of  cartilage. 
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Beside,  the  power  of  absorption  of  an  animal  membrane  is  dif* 

ferent  for  different  liquids.  Nearly  all  animal  membranes  absorb 
pure  water  more  freely  than  a  solution  of  salt.  If  a  membrane^ 
partly  dried,  be  placed  in  a  saturated  saline  solution,  it  will  absorb 
the  water  in  larger  proportion  than  the  Bait,  and  a  part  of  the  salt 
will,  therefore,  be  deposited  in  the  form  of  crystals  on  the  sur&od 
of  the  membrane. 

Oily  matters,  on  the  other  hand,  are  usually  absorbed  leas  readilj 
than  either  water  or  saline  solutions. 

Chevreuil  has  investigated  the  absorbent  power  of  diffenjnl 
animal  substances  for  difterent  liquids,  by  taking  definite  quanti- 
ties of  the  auimal  substunee  and  immersing  it  for  twemy*fo«ir 
hours  in  different  liquids.  At  the  end  of  that  time,  the  8ub«^nce 
was  removed  and  weighed.  Its  increase  in  weight  showed  the 
quantity  of  liquid  which  it  had  absorbed.  The  results  which  were 
obtained  are  given  in  the  following  table: — ^ 


lort  Pabts  or 

Water. 

SALr?rE  SoLrTioy, 

o« 

Cartilftge^                            1 

'  231  parts. 

125  paru. 

m 

Tendon, 

178     " 

114     *' 

S.Gpurti. 

Elaiitic  ligament^ 

abporb  in 
24  houra, 

148     '* 

30     *' 

7.Z    *♦ 

Cornea, 

461      " 

370     " 

9.1     « 

Cartllaginoua  ligament, 

310     « 

3.2    - 

Dried  flbriti, 

.301     *» 

15^     ♦* 

The  same  substance,  therefore^  will  take  up  diflfcrent  quantities 
of  water,  saline  solutions,  and  oih 

Accordingly,  when  an  animal  membrane  is  placed  in  contaci 
with  two  difierent  liquids,  it  absorbs  one  of  them  more  abundauil/ 
than  the  other ;  and  that  which  is  absorbed  in  the  greatest  quantity 
is  also  diffused  most  abundantly  into  the  liquid  on  the  opposite  side 
of  the  membrane.  A  rapid  endosraosis  takes  place  in  one  direc- 
tion, and  a  slow  exosmosis  in  the  other.  Consequently,  the  least 
absorbable  fluid  increases  in  volume  by  the  constant  admixture  of 
that  which  is  taken  up  more  rapidly. 

Tlie  process  of  endosmosis,  therefore,  ia  essentially  one  of  im* 
bibition  or  absorption  of  the  liquid  by  an  animal  membraae»  ooiih 
posed  of  organic  ingredients.  We  have  already  shown,  in  de- 
scribing the  organic  proximate  principles  in  a  previous  cha{3ter, 
that  these  substances  have  the  power  of  absorbing  watery  azid 
derous  fluids  in  a  peculiar  way.    In  endosmosis,  accordingly,  the 

■  In  Loiigift*!  Traits  de  Ph/siulngie,  vo\.  L  p.  383. 
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ibibed  fluid  penetrates  the  membrane   by  a  kind  of  chemiual 
^mbination,  and  unites  intimately  with  the  substuace  of  which  its 
sues  are  composed. 

It  ia  in  this  way  that  all  imbibition  and  transudation  take  place 
the  living  body.  Under  the  most  ordinary  conditions,  the  trausu- 
I  of  certain  fluids  is  accomplished  with  great  rapidity.  It  has 
E-flbowa  by  M.  Gosselin/  that  if  a  watery  solution  of  iodide  of 
potassium  be  dropped  upon  the  cornea  of  a  living  rabbit,  the 
iodine  passes  into  the  cornea,  aqueous  humor,  iris,  lens,  sclerotic 
and  vitreous  body,  in  the  course  of  eleven  minutes ;  and  that  it 
will  penetrate  through  the  cornea  into  the  aqueous  humor  in  three 
minutes,  and  into  the  substance  of  the  cornea  in  a  minute  and  a 
kit  In  these  experiments  it  was  evident  that  the  iodine  actually 
ed  into  the  deeper  portions  of  the  eye  by  simple  endosmosis, 
and  was  not  transported  by  the  vessels  of  the  general  circulation; 
since  no  trace  of  it  could  be  found  in  the  tissues  of  tbe  opposite 
eje^  examined  at  the  same  time. 

The  same  observer  showed  that  the  active  principle  of  belladonna 
rates  the  tissues  of  the  eyeball  in  a  similar  manner.  M.  Gos- 
applied  a  solution  of  sulphate  of  atropine  to  both  eyes  of  two 
ftbbits.  Half  an  hour  afterward,  the  pupils  were  dilated.  Three 
quarters  of  an  hour  later,  the  aqueous  humor  was  collected  by 
>uncturing  the  cornea  with  a  trocar;  and  this  aqueous  humor^ 
Iropped  upon  the  eye  of  a  cat,  produced  dilatation  and  immobility 
the  pupil  in  half  an  hour.  These  facts  show  that  the  aqueous 
ii^mor  of  the  affected  eye  actually  contains  atropine,  which  it 
>rbs  from  without  through  the  corijca,  and  this  atropine  then 
acts  directly  and  locally  upon  the  muscular  fibres  of  the  iris. 

But  in  alt  the  vascular  organs,  the  proeesses  of  endosmosis  and 
Bxosmosis  are  very  much  accelerated  by  two  important  conditions, 
viz.,  first,  the  mftvement  of  the  blood  circulating  in  the  vessels,  and 
secondly,  the  mmnte  dissemination  and  distribution  of  these  vessels 
through  the  tissue  of  the  organs. 

The  movement  of  a  fluid  in  a  continuous  current  always  favors 
ttdosraosis  through  the  membrane  with  which  it  is  in  contact.     For 
the  two  liquids  be  stationary,  on  the  opposite  sides  of  an  animal 
nembrane,  as  soon  as  endosmosis  commences  they  begin  to  ap- 
proximate in  constitution  to  each  other  by  mutual  admixture;  and, 
ithia  admixture  goes  on,  endosmosis  of  course  becomes  less  active. 


*  Gftiette  HeMomadaire,  S«pt.  7, 1S55. 


298 


IMBIBITION    AND    EXHALATION. 


and  ceases  entirely  wlien  the  two  liquids  have  become  perfectlj 
alike  in  composition.     But  if  one  of  the    liquids  be  constantly 
renewed  by  a  continuous  current,  those  portions  of  it  which  have 
become  contaminated  are  immediately  carried  away  by  the  stre 
and   replaced   by  fresh  portions  in  a  state  of  purity.     Thus  ih<i 
difference   in    constitution   of  the  two   liquids  is  preserved, 
tran:5udation  will  continue  to  take  place  between  them  with  una 
bated  rapidity- 

Matteucci  demonstrated  the  effect  of  a  current  in  faeilitatin/j 
endosmosis  by  attaching  to  the  stopcock  of  a  glass  reservoir  fiUe 
with  ^vater,  a  portion  of  a  vein  also  filled  with  water.  The 
was  then  imraei*sed  in  a  very  dilute  solution  of  hydrochloric  acidj 
So  long  as  the  water  remained  stationary  in  the  vein  it  did  not  girJ 
any  indications  of  the  presence  of  the  acid,  or  did  so  only  Teryl 
slowl}" ;  but  if  a  current  were  allowed  to  pass  through  the  vein  byJ 
opening  the  stopcock  of  the  reservoir,  then  the  fluid  running  (roa 
its  extremity  almost  immediately  showed  an  acid  reaction* 

The  same  thing  may  bo  shown  even  more  distinctly  upon  the 
living  animal.     If  a  solution  of  the  extract  of  nux  vomica  be  in*; 
jected  into  the  subcutaneous  areolar  tissue  of  the  hind  leg  of  U 
rabbits,  in  one  of  which  the  bloodvessels  of  the  extremity  ha? 
been  left  free,  while  in  the  other  they  have  been  previously  tie^il 
so  as  to  stop  the  circulation  in  that  part — in  the  first  rabbit,  thai 
poison  will  be  absorbed  and  will  produce  convulsions  and  death  io" 
the  course  of  a  few  minutes;  but  in  the  second  animal,  owing  to  the 
stoppage  of  the  local  circulation^  absorption  will  be  much  retarded, 
and  the  poison  will  find  its  way  into  the  general  circulation  so 
slowly,  and  in  such  small  quantities,  that  its  specific  effects  will  sbov 
themselves  only  at  a  late  period,  or  even  may  not  be  produced  at  alL 

The  anatomical  arrangement  of  the  bloodvessels  and  m' 
tissues  is  the  second  important  condition  regulating  end- 
and  exosmosis.  We  have  already  seen  that  the  network  of  ctpil- 1 
lary  bloodvessels  results  from  the  excessive  division  and  ramifi*! 
cation  of  the  smaller  arteries.  The  blood,  therefore,  as  it  leavoij 
the  arteries  and  enters  the  capillaries,  is  constantly  divided 
smaller  and  more  numerous  currents,  which  are  finally  dis 
natcd  in  the  most  intricate  manner  throughout  the  substance  ot 
organs  and  tissues.  Thus,  the  blood  is  brought  into  intimate  con*  I 
tact  with  the  surrounding  tissues,  over  a  comparatively  largessff*! 
face.  It  has  already  been  stated,  as  the  result  of  Dutrochet's  inTc**! 
tigations,  that  the  activity  of  endosmosis  is  in  direct  proportion  to] 
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ent  of  surface  over  which  the  two  liquids  come  in  contact 
with  the  intervening  membrane.  It  is  very  evident,  therefore,  that 
it  will  be  very  much  facilitated  by  the  anatomical  distribution  of 
the  capillary  bloodvessels. 

It  is  in  some  of  the  glandular  organs,  however,  that  the  transu- 
ation  of  fluids  can  be  shown  to  take  place  with  the  greatest  rapi- 
lity.  For  in  these  organs  the  exhaling  and  absorbing  surfaces  are 
arranged  in  the  form  of  minute  ramifying  tubes  and  follicles,  which 
penetrate  everywhere  through  the  glandular  substance ;  while  the 
capillary  bloodvessels  form  an  equally  complicated  and  abundant 
network,  situated  between  the  adjacent  follicles  and  ducts.  In  this 
way,  the  union  and  interlacement  of  the  glandular  membrane,  on 
Ihe  one  hand,  and  the  bloodvessels  on  the  other,  become  exceed- 
3gly  intricate  and  extensive;  and  the  ingredients  of  the  blood  are 
almost  instantaneously  subjected,  over  a  very  large  surface,  to  the 
influence  of  the  glandular  membrane. 

The  rapidity  of  transudation  through  the  glandular  membranes 
has  been  shown  in  a  very  striking  manner  by  Bernard/  This  ob- 
server injected  a  solution  of  iodide  of  potassium  into  the  duct  of 
the  parotid  gland  on  the  right  side,  in  a  living  dog,  and  immediately 
afterward  found  iodine  to  be  present  in  the  saliva  of  the  correspond- 
ig  gland  on  the  opposite  side*  In  the  few  instants,  therefore,  re- 
'quired  to  perform  the  experiment,  the  salt  of  iodine  must  have 
been  taken  up  by  the  glandular  tissue  on  one  side^  carried  by  the 
|>Iood  of  the  general  circulation  to  the  opposite  gland,  and  there 
ansuded  through  the  secreting  membrane. 

We  have  also   found   the  transudation   of  iodine  through  the 
glandular  tissue  to  be  exceedingly  rapid,  by  the  following  experi- 
aent.    The  parotid    duct  is  exposed    and  opened,  upon  one  side, 
a  living  dog,  and  a  canula  inserted  into  it,  and  secured  by  liga- 
The  secretion  of  the  parotid  saliva  is  then   excited,  by  in- 
lucing  a  little  vinegar  into  the  mouth  of  the  animal,  and  the 
liva,  thus  obtained,  found  to  be  entirely  destitute  of  iodine.     A 
>lution  of  iodide  of  potassium  being  then  injected  into  the  jugu* 
ir  vein,  and  the  parotid  secretion  again  immediately  excited  by 
le  introduction  of  vinegar,  as  before,  the  saliva  first  discharged 
>m  the  canula  shows  evident  traces  of  iodine,  by  striking  a  blue 
>lor  on  the  addition  of  starch  and  nitric  acid. 
The  processes  of  exosmosis  and  endosmosis,  therefore,  in  the  living 
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body,  are  regulated  by  tlie  same  conditions  as  in  artificial  ex] 
mentii,  but  they  take  place  witb  infinitely  greater  rapidity,  owing  to 
the  movement  of  the  circulating  blood,  and  the  extent  of  contact 
existing  between  the  bloodvessels  and  adjacent  tissues.  We  have 
already  seen  that  the  absorption  of  the  same  fluid  is  accomplished 
with  difterent  degrees  of  rapidity  by  diiferent  animal  substances. 
Accordingly,  though  the  arterial  blood  is  everywhere  the  same  in 
composition,  yet  its  diflerent  ingredients  are  imbibed  in  varviug 
quantities  by  the  different  tissues.  Tims,  the  cartilages  absorb 
from  the  circulating  fluid  a  larger  proportion  of  phosphate  of  lime 
than  the  softer  tissues,  and  the  bones  a  larger  proportion  than  tbe 
cartilages;  and  the  watery  and  saline  ingredients  generally  are 
found  in  different  quantities  in  difterent  parts  of  the  body.  The 
same  animal  membrane,  also,  as  is  shown  by  experiment,  will  im- 
bibe different  substances  with  different  degrees  of  facility.  Thus, 
the  blood  contains  more  chloride  of  sodium  than  chloride  of  potas- 
sium; but  the  muscles,  whicb  it  supplies  with  nourishment,  ct^o* 
tain  more  chloride  of  potassium  than  chloride  of  sodium.  In  tlii^ 
way,  the  proportion  of  each  ingredient  derived  from  the  blood  is 
determined,  in  each  separate  tissue,  by  its  special  absorbing  oreiF 
dosmotic  jiower. 

Furthermorej  we  have  seen  that  albumen,  under  ordinary  condi- 
tions, is  not  endosmotic;  that  is,  it  will  not  pass  by  transudatiaii 
through  an  animal  membrane.  For  the  same  reason,  the  albumen 
of  the  blood,  in  the  natural  state  of  the  circulation,  is  not  exhaled 
from  the  secreting  surfaces,  but  is  retained  within  the  circulatory 
system,  while  the  watery  and  saline  ingredients  transude  in  varying 
quantities*  But  the  degree  ot pressure  to  which  a  fluid  is  subjected 
has  great  influence  in  determining  its  endosmotic  action.  A  sttl^ 
stance  which  passes  but  slowly  under  a  low  pressure,  may  paa 
more  rapidly  if  the  force  be  increaseA  Accordingly,  we  fitwl 
that  if  the  pressure  upon  the  blood  in  the  vessels  be  increased^  bjT 
obstruction  to  the  venous  current  and  backward  congestion  of  tta 
capillaries,  then  not  only  the  saline  and  watery  parts  of  the  blood 
pass  out  in  larger  quantities,  but  the  albumen  itself  transudes,  sod 
infiltrates  the  neighboring  parts.  It  is  in  this  way  that  albumeo 
makes  its  appearance  in  the  urine,  in  consequence  of  obstrtiotion  to 
the  renal  circulation,  and  that  local  oedema  or  general  anaaaiti 
may  follow  upon  venous  congestion  in  particular  regions,  or  apoli 
general  disturbance  of  the  circulation* 

The  processes  ^f  imbibition  and  exudation,  which    thus  tab 
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place  incessantly  throughout  the  body,  are  intimately  connected 
nth  the  uctioa  of  the  great  absorbent  or  iymphaUc  system  of  ves- 
jla,  which  is  to  be  considered  as  secondary  or  complementary  to 
lat  of  the  sanguiferous  circulation. 

The  lymphatics  may  be  regarded  as  a  system  of  vessels,  com- 
lencing  in  the  substance  of  the  various  tissues  and  organs,  and 
endowed  with  the  property  of  absorbing  certain  of  their  ingredi- 
its.  Their  commencement  has  been  demonstrated  by  injections, 
aore  particularly  in  the  membranous  parts  of  the  body ;  viz.^  in 
Ihe  skin,  the  mucous  membranes,  the  serous  and  synovial  surfaces, 
and  the  inner  tunic  of  the  arteries  and  veins.  They  originate  in 
aese  situations  by  vascular  networks,  not  very  unlike  those  of  the 
iipillary  bloodvessels.  Notwithstanding  this  resemblance  in  form 
between  the  capillary  plexuses  of  the  lymphatics  and  the  blood- 
ressels,  it  is  most  probable  that  they  are  anatomically  distinct  from 
ach  other.  It  has  be^^n  supposed^  at  various  times,  that  there 
light  be  communications  between  them,  and  even  that  the  lymph- 
Ittc  plexiLs  might  be  a  direct  continuation  of  that  originating  from 
1  smaller  arteries ;  but  this  has  never  been  demonstrated,  and  it 
now  generally  conceded  that  the  anatomical  evidence  is  in  favor 
^f  a  complete  separation  between  the  two  vascular  systems. 

Commencing  in  this  way  in  the  substance  of  the  tissues,  by  a 
irascular  network,  the  minute  lymphatics  unite  gradually  with  each 
other  to  form  larger  vessels ;  and,  after  continuing  their  course  for 
certain  distance  from  without  inward,  they  enter  and  are  distri- 
buted to  the  substance  of  the  lymphatic  glands.  According  to  it. 
>Ua,'  beside  the  more  minute  and  convoluted  vessels  in  each  gland, 
lere  are  always  some  larger  branches  which  pass  directly  through 
a.Eubstance,  from  the  afferent  to  the  efferent  vessels ;  so  that  only 
}rtion  of  the  lymph  is  distributed  to  its  ultimate  glandular 
blexus.  This  portion,  however,  in  passing  through  the  organ,  is 
Evidently  subjected  to  some  glandular  influence,  which  may  serve 
to  mcKiify  its  composition. 

After  passing  through  these  glandular  organs,  the  lymphatic 
fessels  unite  into  two  great  trunks  (Fig.  44) :  the  thoracic  dud,  which 
>llex3ts  the  fluid  from  the  absorbents  of  the  lower  extremities,  the 
itestines  and  other  abdominal  organs,  the  chesty  the  left  upper 
Etremity,  and  the  left  side  of  the  head  and  neck,  and  terminates 
the  left  subclavian  vein,  at  the  junction  of  the  internal  jugular; 
id  ih^  right  lymphatic  ducif  which  collects  the  fluid  from  the  right 
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upper  extremity  and  right  side  of  the  head  aod  neck,  and  ji>in«  thol 
right  subclavian  vein  at  its  junction  with  the  corresponding  jugular. 
Tlius  nearly  all  the  lymph  from  the  external  parts,  and  the  whole  1 
of  that  fix)m  the  abdominal  organs,  passes,  by  the  thoracic  ducV  j 
into  the  left  sTibclavian  vein. 

We  already  know  that  the  lymphatic  vefssels  are  not  to  be  re- 
garded as  the  exclusive  agents  of  absorption.     On  ihe  contrary, 
absoi'ption  takes  place  by  the  bloodvessels  even  more  rapidly  and  ] 
abundantly  than  by  the  lymphatics.     Even  the  products  of  digcs-J 
tioo,  including  the  chyle,  are  taken  up  from  the  intestine  in  large' 
proportion  by  the  bloodvessels,  and  are  only  in  part  absorbed  by 
the  lymphatics.     But  the  main  peculiarity  of  the  lymphatic  system 
is  that  its  vessels  all  pass  in  one  direction^  viz.,  from  w^ithout  inwani 
and  none  from  within  outward.     Consequently  there  is  no  cirtuh^ 
(ion  of  the  lymph,  strictly  speaking,  like  that  of  the  blood,  bus  it] 
is  all  supplied  by  exudation  and  absorption  from  the  tissues. 

The  lymph  has  been  obtained,  in  a  state  of  purity^  by  rariouisl 
experimenters,  by  introducing  a  canula  into  the  thoracic  duct,  at 
the  root  of  the  neck,  or  into  large  lymphatic  trunks  in  other  jiarts 
of  the  body.  It  has  been  obtained  by  Rees  from  the  lacteal  ve^s^l* 
and  the  lymphatics  of  the  leg  in  the  ass,  by  Colin  from  the  lacteal^ 
and  thoracic  duct  of  the  ox,  and  from  the  lymphatics  of  the  niock 
in  the  horse.  We  have  also  obtained  it,  on  several  diflbrent  occa- 
sions, frooi  the  thoracic  duct  of  the  dog  and  of  the  goat. 

The  analysis  of  these  fluids  shows  a  remarkable  similarity  in  I 
constitution  between  them   and  the  plasma  of  the  blood*     They 
contain  water,  fibrin,  albumen,  fatty  matters,  and  the  usual  salinej 
substances  of  the  animal  fluids.     At  the  same  time^  the  lymph  is 
very  much  poorer  in  albuminous  ingredients  than  the  bloods    Tbe 
following  is  an  analysis  by  Lassaigne,*  of  the  fluid  obtained  from 

the  thoracic  duct  of  the  cow : — 

Parts  fwi  rnoust^tK 

Wilier 9U.Q 

Fibrin      .         * 0.9 

Albamtiu  «...,,,..       2d.O 

Fat  •*.'......         0.4 

Cliloride  of  sodimu  »..«•,.         5.U 

C&rl>otiio  \ 

Phfispliate  and  [  of  soda  .         •        •        ,        . 

Sotphate  J 


l.t 


Vht^phikic  of  lime 


0.5 


1000*0 
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It  llius  appears  tbat  both  the  fibria  and  the  albumen  of  the  blood 
^tttjilly  transude  to  a  certain  extent  from  the  bltiod vessels,  even  in 
ae  oniinary  condition  of  the  circulatory  system.  But  this  transuda- 
ion  takes  place  in  so  small  a  quantity  that  the  albuminous  matters 
l^re  all  taken  up  again  by  the  lymphatie  vessels^  and  do  not  appear 
the  excreted  fluids. 

The  first  important  peculiarity  which  is  noticed  in  regard  to  the 
luid  of  the  lymphatic  system,  especially  in  the  carnivorous  animals, 
that  it  varies  very  mucli,  both  in  appearance  and  constitution^  at 
liferent  times.  In  the  ruminating  and  graminivorous  animals, 
iich  m  the  sheep,  ox,  goat,  horse,  &c.,  it  is  either  opalescent  in 
aranoe,  with  a  slight  araber  tinge,  or  nearly  transparent  and 
rless.  In  the  carnivorous  animals,  such  as  the  dog  and  cat»  it 
is  also  opaline  and  amber  colored,  in  the  intervals  of  digestion,  but 
>n  after  feeding  becomes  of  a  dense,  opaque,  nulky  wlxite,  and  con- 
lues  to  present  that  appearance  until  the  processes  of  digestion 
:  intestinal  absorption  are  complete.  It  then  regains  its  original 
aspect,  and  remains  opaline  or  semi-transparent  until  digestion  is 
again  in  progress. 

The  cause  of  this  variable  constitution  of  the  fluid  discharged 
by  the  thoracic  duct  is  the  absorption  of  fatty  substances  from  the 
ite-stine  during  digestion.  Whenever  fatty  substances  exist  in  con- 
siderable quantity  in  the  food,  they  are  reduced,  by  the  process  of 
ligestion,  to  a  white,  creamy  mixture  of  molecular  fat,  suspended 
an  albuminous  menstruum.  The  mixture  is  then  absorbed  by 
ae  lymphatics  of  the  mesentery,  and  transported  by  them  throiigli 
le  thoracic  duct  to  the  subclavian  vein.  While  this  absorption  is 
MRg  on,  therefore,  the  fluid  of  the  thoracic  dact  alters  its  appear- 
ace-,  becomes  white  and  opaque,  and  is  then  called  chyle ;  so  that 
jere  are  two  different  conditions,  in  which  the  contents  of  the  great 
p'mphatic  trunks  present  different  appearances.  In  the  fasting 
>ndition,  these  vessels  contain  a  semi-transparent,  or  opaline  and 
Nearly  colorless  lymph ;  and  during  digestion,  an  opaque,  milky 
kliyle.  It  is  on  this  account  that  the  lymphatics  of  the  mesentery 
called  'Macteals.'* 
The  chyle,  accordingly,  is  nothing  more  than  the  lymph  which 
constantly  absorbed  by  the  lymphatic  system  everywhere,  with 
3e  addition  of  more  or  less  fatty  ingredients  taken  up  from  the 
itestine  during  the  digestion  of  food. 
The  results  of  analysis  show  positively  that  the  varying  appear- 
1  of  tlje  lymphatic  fluids  is  really  due  to  this  cause;  for  though 
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the  chyle  is  also  richer  than  the  lymph  in  albuminous  matters,  the 
principal  difference  between  them  consists  Id  the  proportioQ  of  fet. 
This  18  shown  by  the  folloAdng  comparative  analysb  of  the  Ivmph 
and  chyle  of  the  ass,  by  Dr.  Rees;*— 

Lymph,  CBTtw* 

Water .  %r».36                r 

Albumen 12.00 

Fibrin 1.30  3,70 

Bpirit  (ixtract 2  4()  3.32 

Wuler  extract 13.19  12.33 

Fat traces.  2Ul,()l 

Saline  matter 5.85  7.11 

1,<AH1,00  1.1KK.I.CI0 

When  a  canula,  accordingly,  is  introduced  into  the  thoracic  duct 
at  various  periods  after  feeding,  the  fluid  which  is  discharged  varies 
considerably,  both  iu  appearance  and  quantity.  We  have  foand 
thatj  in  the  dog,  the  fluid  of  the  thoracic  duct  never  becomes  quite 
transparent;  but  retains  a  very  marked  opaline  tinge  even  so  lata 
as  eighteen  hours  after  feeding,  and  at  least  three  days  and  a  half 
after  the  introduction  of  fat  food.  S<x>n  after  feedings  however,  ai 
we  have  already  seen,  it  becomes  whitish  and  opaque^  and  remaini 
so  w^bile  digestion  and  absorption  are  in  progress.  It  also  becomfli 
more  abundant  soon  after  the  commencement  of  digestion*  but 
diminishes  again  in  quantity  during  its  latter  stages.  We  liave 
found  the  lymph  and  chyle  to  be  discharged  from  the  thoracic  duct, 
in  the  dog,  in  the  following  quantities  per  hour,  at  different  perti>l8 
of  digestion.  The  quantities  are  calculated  in  proportion  to  the 
entire  weight  of  the  animal. 

Per  Tb<iiu9aw9  P^btb. 
^{  hoars  After  fet^cllng       ••*...     2.44 
7       '*        "  **  ,,....     2.20 

13       "        "  "  0,<l» 

18       •*        **  " 1.15 

18}      «*        "  **  ..,,..     IM 

It  would  thus  appear  that  the  hourly  quantity  of  lymph,  after 
diminishing  during  the  latter  stages  of  digestion,  increases  again 
somewhat,  about  the  eighteenth  hour,  though  it  is  still  considera- 
bly less  abundant  than  while  digestion  was  in  active  progre^. 

The  lymph  obtained  from  the  tlioracic  duct  at  all  periods  coagn- 
lafces  soon  after  its  withdrawalj  owing  to  the  fibrin  which  it  coDUi 
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small  quantity.  After  coagulation,  a  separation  takes  place  be- 
tw^een  the  clot  and  serum,  precisely  as  in  the  case  of  blood. 

The  vKweinejit  of  the  lymph  in  the  lymphatic  vessels,  from  the 
extremities  toward  the  heart,  ia  accomplished  by  various  forces. 
The  first  and  most  important  of  these  forces  is  that  by  which  the 
fluids  are  originally  absorbed  by  the  lymphatic  capillaries.  Through- 
out the  entire  extent  of  the  lymphatic  system,  an  extensive  prooesa 
of  endosmosis  is  incessantly  going  on,  by  which  the  ingredients  of 
the  lymph  are  imbibed  from  the  surrounding  tissues,  and  com- 
pelled to  pass  into  the  lymphatic  vessels.  The  lymphatics  are  thus 
filled  at  their  origin ;  and,  by  mere  force  of  accumulation,  the  fluids 
are  then  compelled,  as  their  absorption  continues,  to  discharge 
themselves  into  the  large  veins  in  which  the  lymphatic  trunks 
terminate. 

The  movement  of  the  fluids  through  the  lymphatic  system  ia 
also  favored  by  the  contraction  of  the  voluntary  muscles  and  the 
respiratory  motions  of  the  chest  For  as  the  lymphatic  vessels  are 
provided  with  valves,  arranged  like  those  of  the  veins,  opening 
toward  the  heart  and  shutting  backward  toward  the  extremities, 
the  alternate  compression  and  relaxation  of  the  adjacent  muscles, 
and  the  expansion  and  collapse  of  the  thoracic  parietes,  must  liave 
the  same  efiect  upon  the  movement  of  the  l3^mph  as  upon  that  of 
the  venous  blood.  By  these  diflferent  influences  the  chyle  and 
lyniph  are  incessantly  carried  from  without  inward,  and  discharged, 
in  a  slow  but  continuous  stream,  into  the  returning  current  of  the 
venous  blood. 

The  entire  quantity  of  the  lymph  and  chyle  has  been  found,  by 
direct  experiment,  to  be  very  much  larger  than  was  previously 
anticipated.  M.  Colin'  measured  the  chyle  discharged  from  the 
thoracic  duct  of  an  ox  during  twenty-four  hours,  and  found  it  to 
exceed  eighty  pounds.  In  other  experiments  of  the  same  kind,  he 
obtain^  still  larger  quantities.'  From  two  experiments  on  the 
horse,  extending  over  a  period  of  twelve  hours  each,  he  calculates 
the  quantity  of  chyle  and  lymph  in  this  animal  as  from  twelve  to 
fifteen  thousand  grains  per  hour,  or  between  forty  and  fifty  pounds 
per  day.  But  in  the  ruminating  animals,  according  to  his  observa- 
tions, the  quantity  is  considerably  greater,  lu  an  ordinary-sized 
cow,  the  smallest  quantity  obtained  in  an  experiment  extending  over 
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a  period  of  twelve  hours,  was  a  little  over  9^000  graioa  id 

minutes;  that  is,  five  pounds  an  hour,  or  120  pounds  per  dajr.    la* 
another  experiment,  with  a  j'oung  bull,  he  actually  obtained  a  little 
over  100  pounds  from  a  fistula  of  the  thoracic  duct,  in  tweiitjr-foitr 
hours* 

We  have  also  obtained  similar  results  by  experiments  upon  1 
dog  and  goat.  In  a  young  kid.  weighing  fourteen  poundsy  we  hav 
obtained  from  the  thoracic  duct  1890  grains  of  lymph  in  three 
hours  and  a  half.  This  quantity  would  represent  640  grains  in  m 
hour,  and  12,690  grains,  or  1,85  pounds  in  twenty-four  hours;  and 
in  a  ruminating  animal  weighing  1000  pounds,  this  would  com^ 
spond  to  132  pounds  of  lymph  and  chyle  discharged  by  the  thonide 
duct  in  the  course  of  twenty -four  hours. 

The  average  of  all  the  results  obtained  by  us,  in  the  dog,  at  dit 
ferent  periods  after  feeding,  gives  very  nearly  four  and  a  half 
cent,  of  the  entire  weight  of  the  animal,  as  the  total  daily  quantity  J 
of  lymph  and  chyle.     This  is  substantially  the  same  result  as 
obtained   by  Colin,  in  the  horse;   and  for  a  man  weighing  140 
pounds,  it  woqld  be  equivalent  to  between  six,  and  six  and  a  half  J 
pounds  of  lymph  and  chyle  per  day:  M 

But  of  this  quantity  a  considerable  portion  consists  of  the  chyle 
which  is  absorbed  from  the  intestines  during  the  digestion  of  fatty 
substances.     If  we  wish,  therefore,  to  ascertain  the  total  amount  of] 
the  lymph,  separate  from  that  of  the  chyle,  the  calculation  should  I 
be  based  upon  the  quantity  of  fluid  obtained  from  the  thoracio! 
duct  in  the  intervals  of  digestion,  when  no  chyle  is  in  process  of  1 
absorption.     We  have  seen  that  in  the  dog,  eighteen  hours  alter 
feeding,  the  lymph,  which  is  at  that  time  opaline  and  semi-tran^l 
rent,  is  discharged  from  the  thoracic  duct,  in  the  course  of  an  booTp 
in  a  quantity  equal  to  1.15  parts  per  thousand  of  the  entire  weight 
of  the  animah     In  twenty-four  hours  this  would  amount  to  27*ft 
parts  per  thousand ;  and  for  a  man  weighing  140  pounds  thij  wonU  I 
give  3.864  pounds  as  the  total  daily  quantity  of  the  lymph  alone. 

It  will  be  seen,  therefore,  that  the  processes  of  exudation  and  ] 
absorption,  which  go  on  in  the  interior  of  the  body,  produce  a  very 
active  interchange  or  iniemal  circulation  of  the  animal  fiuidsi,  which 
may  be  considered  as  secondary  to  the  circulation  of  the  blood 
B'or  all  the  digestive  fluids,  as  we  have  found,  together  with  the  bik  j 
discharged  into  the  intestine,  are  reabsorbed  in  the  natural  prooe«i 
of  digestion  and  again  enter  the  current  of  the  circulation.    Tbecj 
fluids,  therefore,  pass  and  repass  through  the  mucous  membmneorl 
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ie  alimentary  canal  and  adjacent  glands,  becoming  somewbat 
'altered  in  constitution  at  eacb  passage,  but  still  serving  to  renovate 
alternately  tbe  constitution  of  tbe  blood  and  the  ingredients  of  tbe 
digestive  secretions.  Furthermore  the  elements  of  the  blood  itself 
also  transude  in  part  from  the  capillary  vessels,  and  are  again  taken 
up,  by  absorption,  by  the  lymphatic  vessels,  to  be  finally  restored 
to  the  returning  current  of  the  venous  blood,  in  the  immediate 
neighborhood  of  the  heart. 

The  daily  quantity  of  all  the  fluids,  thug  secreted  and  reabsorbed 

during  twenty -four  hours,  will  enable  us  to  estimate  the  activity 

with  which  endosmosis  and  exosmosis  go  on  in  the  living  body. 

In  the  following  table,  the  quantities  are  all  calculated  for  a  ma» 

.weighing  140  pounds, 

BBcasrso  axd  Reakiorbkd  Dtrmvo  24  bodbs. 
SAlira  20,1  G4  grams,  or    2.8S0  poands* 

"Gastric  jaice         fiS.OCK*       **         *'    14.0€0       *' 
Bile  1<^940       «         "      2.420       « 

Pancreatic  jole©  13,104       "        «*      1,872       " 
Ljrinph  27.048       "        **      3.8ti4       '* 


2bAm 

A  little  over  twenty-five  pounds,  therefore,  of  the  animal  fluids 
transude  through  the  internal  membranes  and  are  restored  to  the 
blood  by  reabsorption  in  the  course  of  a  single  day.  It  is  by  this 
process  that  the  natural  constitution  of  the  parts,  though  constantly 
changing,  is  still  maintained  in  its  normal  condition  by  the  move- 
ment of  the  circulating  fluids,  and  the  incessant  renovation  of  their 
nutritious  materials. 
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We  have  already  seen,  in  a  previous  chapter,  how  the  elements  c 
the  blood  are  absorbed  by  the  tissues  during  the  capillary  circak* 
tioD,  and  assimilated  by  them  or  converted  into  their  own  substance. 
In  this  process,  the  inorganic  or  saline  matters  are  mostly  taken  up 
unchanged,  and  are  merely  appropriated  by  the  surrounding  parts-in 
particular  quantities;  while  the  organic  substances  are  transformed 
into  new  compounds,  characteristic  of  the  diSerent  tissues  by  which 
they  are  assimilated.  In  this  way  the  various  tissues  of  the  body. 
though  tbey  have  a  different  chemical  composition  from  the  blood, 
are  nevertheless  supplied  by  it  with  appropriate  ingredients,  and 
their  nutrition  constantly  maintained. 

Beside  this  process,  which  is  known  by  the  name  of  "asaamHar 
tion/^  there  is  another  somewhat  similar  to  it,  which  takes  place  in 
the  different  glandular  organs,  known  as  the  process  o^  secreiimu  It 
is  the  object  of  this  function  to  supply  certain  fluids,  differing  in 
chemical  constitution  from  the  blood,  which  are  required  lo  aaaist 
in  various  physical  and  chemical  actions  going  on  in  the  body. 
These  secreted  fluids,  or  '*  secretions/*  as  they  are  called,  vary  in 
consistency,  density,  color,  quantity,  and  reaction.  Some  of  them 
are  thin  and  watery,  like  the  tears  and  the  perspiration;  others  are 
viscid  and  glutinous,  like  mucus  and  the  pancreatic  fluid*  They 
are  alkaline  like  the  saliva,  acid  like  the  gastric  juice,  or  neutral 
like  the  bile*  Each  secretion  contains  water  and  the  inorganic  salts 
of  the  blood ;  and  these  ingredients,  in  varying  proportionsp  are 
common  to  all,  or  nearly  all,  of  the  secreted  fluids.  But  each  secre- 
tion is  also  distinguished  by 'the  presence  of  some  peculiar  animal 
substande  which  does  not  exist  in  the  blood,  but  which  is  produced 
by  the  secreting  action  of  the  glandular  organ.  Thus  the  gastric 
juice  contains  pepsine,  which  ia  formed  only  in  the  tubules  of  the 
gastric  raucous  membrane ;  the  pancreatic  juice  contains  pancrea* 
tine,  formed  only  in  the  pancreas;  and  the  bile  contains  tauro-cho 
late  of  sodh,  formed  only  in  the  liver.  As  the  blood  circalAt<s 
through  the  capillaries  of  the  gland,  its  watery  and  saline  oonstitii- 
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ents  transude  in  certain  quantities,  and  are  disctarged  into  the  ex- 
cretory duct.  At  the  same  time,  the  glandular  cells,  %vhich  have 
themselves  been  nourished  by  the  blood,  produce  a  new  substance 
by  the  catalytic  transformation  of  their  organic  constituents  j  and 
this  new  substance  is  discharged  also  into  the  excretory  duct  and 
completes  the  constitution  of  the  secreted  fluid.  A  true  secretion, 
therefore,  is  produced  only  in  its  own  particular  gland,  and  cannot  be 
formed  elsewhere;  since  the  glandular  cells  of  that  organ  are  the  only 
ones  capable  of  producing  its  most  characteristic  ingredient. 

One  secreting  gland,  consequently,  can  never  perform  vicariously 
the  office  of  another.    Those  instances  which  have  been  from  time 
to  time  reported  of  such  an  unnatural    action  are  not,  properly 
speaking,  instances  of  "vicarious  secretion;'*  but   only  cases  in 
which  certain  substances,  already  existing  in  the  blood,  have  made 
their  appearance  in  secretions  to  which  they  do  not  naturally  belong. 
Thus  cholesterine,  which  is  produced  in  the  brain  and  is  taken  up 
from  it  by  the  blood,  usually  passes  out  with  the  bile ;  but  it  may 
also  appear  in  the  fluid  of  hydrocele*  or  in  inflammatory  exuda- 
tions.    Tlie  sugar,  again,  which  is  produced  in  the  liver  <and  taken 
^     up  by  the  blood,  when  it  accumulates  in  large  quantity  in  the  cir- 
^bulating  fluid,  may  pass  out  with  the  urine.     The  coloring  matter 
^KC||he  bile,  in  cases  of  biliary  obstruction,  may  be  reabsorbed,  and 
^Blpake  its  appearance  in  the  serous  fluids,  or  even  in  the  perspira- 
tion.   In  these  instances,  however,  the  unnatural  ingredient  is  not 
^Uctually  produced  by  the  kidneys,  or  the  perspiratory  glands,  but 
^mU  merely  supplied  to  them,  already  formed,  by  the  blood.     Cases 
of  "vicarious  menstruation'*  are  simply   capillary   hemorrhages 
which  take  place  from  various  mucous  membranes,  owing  to  the 
general  disturbance  of  the  circulation  in  amenorrhoea.      A  true 
secretion,  however,  is  always  confined   to  the  gland   in  which  it 
naturally  originates. 

The  force  by  which  the  difTerent  secreted  fluids  are  prepared  in 
the  glandular  organs,  and  discharged  into  their  ducts,  is  a  peculiar 
one,  and  resident  only  in  the  glands  themselves.  It  is  not  simply 
a  process  of  filtration,  in  which  the  ingredients  of  the  secretion 
exude  from  the  bloodvessels  by  exosmosis  under  the  influence  of 
pressure  j  since  the  most  characteristic  of  these  ingredients,  as  we 
have  already  mentioned,  do  not  pre-exist  in  the  blood,  but  are 
ibrmed  in  the  substance  of  the  gland  itself.  Substances,  even, 
irhicli  already  exist  in  the  blood  in  a  soluble  form,  may  not  have 
the  power  of  passing  out  through  the  glandular  tissue.    Bernard 
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has  found*  that  Terrocyanide  of  potassium,  when  injected  into  tbei 
jugular  veiD,  though  it  appears  with  great  facility  in  the  arine^j 
does  not  pass  out  with  the  saliva;   and  even  that  a  solution  ofl 
the  same  salt,  injected  into  the  duct  of  the  parotid  gland,  is  ab 
sorbed,  taken  up  by  the  blood,  and  discharged  with  the  urine ;  buti 
does  not  appear  in  the  saliva,  even  of  the  gland  into  which  it 
been  injected.    The  force  with  which  the  secreted  flillds  accumulate 
in  the  salivary  ducts  has  also  been  shown   by  Lud wig's  experi-J 
ments^  to  be  sometimes  greater  than  the  pressure  in  the  bloodvesj 
sels.     This  author  found,  by  applying  mercurial  gauges  at  the  i 
time  to  the  duct  of  Steno  and  to  the  artery  of  the  parotid  glands  thai 
the  pressure  in  the  duct  from  the  secreted  saliva  was  considerably 
greater  than  that  in  the  artery  from  the  circulating  blood ;  so  that 
the  passage  of  the  secreted  fluids  had  really  taken  place  in  a  di 
tion  contrary  to  that  which  would  have  been  caused  by  the  simpk 
influence  of  pressure. 

The  process  of  secretion,  therefore,  is  one  which  depends  tiponl 
the  peculiar  anatomical  and  chemical  constitution  of  the  gland ulir 
tissue  and  its  secreting  cells.     These  cells  have  the  property  of 
absorbing  and  transmitting  from  the  blood  certain  inorganic  tnd  I 
saline  substances,  and  of  producing,  by  chemical  metamorphosiik 
certain  peculiar  animal  matters  from  their  own  tissue*     These  sub-  < 
stances  are  then  mingled  together,  dissolv^ed  in  the  watery  flaiJb 
of  the  secretion,  and  discharged  simultaneously  by  the  cxcreitoiy 
duct. 

All  the  secreting  organs  vary  in. activity  at  different  perioda  I 
Sometimes  they  are  nearly  at  rest;  w^jile  at  certain  periods  ihej  \ 
become  excited,  uuder  the  influence  of  an  occasional  or  periodical] 
stimulus,  aod  then  pour  oat  their  secretion  with  great  rapidity  and  in ' 
large  quantity.    The  perspiration,  for  example,  is  usually  so  slowly 
secreted  that  it  evaporates  as  rapidly  as  it  is  poured  out,  and  the 
surface  of  the  skin  remains  dry ;  but  under  the  influence  of  unusiul 
bodily  exercise  or  mental  excitement  it  is  secreted    much  faster 
than  it  can  evaporate,  and  the  whole  integument  becomes  covered 
with  moisture.  The  gastric  juice,  again,  in  the  intervals  of  digestion 
is  either  not  secreted  at  all,  or  is  produced  in  a  nearly  inappreciable 
quantity ;  but  on  the  introduction  of  food  into  the  stomachy  it  is 
immediately  poured  out  in  such  abundance,  that  between  twoiad 
three  ounces  may  be  collected  in  a  quarter  of  an  hour. 


1  Lemons  de  Physiologic  Exp^iiHtinUle, 
«  IbM.,  p>  lUC 


Paria,  1850,  tome  li.  pw  96  H  m^* 
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The  principal  secretions   met  with  in  the  animal  body  are  a& 
follows : — 


1.  UacQs* 

2.  Sebaceous  tn Alter. 

3.  P«ra pi  ration. 

4.  Tlje  tear^* 
The  milk. 


6.  Sikllva, 

7.  GjLstric  jnfce. 

8.  Paijcrealic  jttlce. 

9.  [tiltsi^tiiiftl  jutcti. 
10.  BSle. 


The  last  five  of  these  fluids  have  already  been  degcribed  in  the 
preceding  chapters.  We  shall  therefore  only  require  to  examine 
at  present  the  five  following,  viz.,  mucus,  sebaceous  matter,  per- 
spiration, the  tears,  and  the  milk,  together  with  sotne  peculiarities 
in  the  secretion  of  the  bile, 

tl.  Mucus. — Nearly  all  the  mucous  membranes  are  provided  with 
)llicles  or  glandular,  in  which  the  mucus  is  prepared.  These  folli- 
les  are  most  abundant  in  the  lining  membrane  of  the  mouth,  nares. 
harynx,  oesophagus,  trachea  and  bronchi,  vagina,  and  male  urethra. 
x^hey  are  generally  of  a  compound  form,  consisting  of  a  number  of 
j  secreting  sacs  or  cavities,  terminating  at  one  end  in  a  blind  ex* 
i  tremity,  and  opening  by  the  other  into  a  common  duet  by  which 
^ptbe  secreted  fluid  is  discharged.  Each  ultimate  secreting  sac  or 
"follicle  is  lined  with  glandular  epithelium  (Fig.  10*3),  and  surround- 
^ed  on  its  external  surface  by  a  network  of  capillary  bloodvessels. 
^Kliese  vessels,  penetrating  deeply  into  the 
'  interstices  between  the  follicles,  bring  the 
blood  nearly  into  contact  with  the  epithelial 
^  cells  lining  its  cavity.  It  is  these  cells 
^Brhich  prepare  the  secretion,  and  discharge 
^H|  aflerward  into  the  commencement  of  the 
j^pisccretory  duct. 

The  mucus,  produced  in  the  manner 
above  described,  is  a  clear,  colorless  fluid, 
which  is  poured  out  in  larger  or  smaller 
quantity  on  the  surface  of  the  mucous 
aerabranes.  It  is  distinguished  from  other  secretions  by  its  vis- 
idity.  which  is  its  most  marked  physical  property,  and  which 
lepends  on  the  presence  of  a  peculiar  animal  matter,  kno\\Ti  under 
tie  name  of  mucoune.  When  unmixed  with  other  animal  fluids, 
viscidity  is  so  great  that  the  mucus  has  nearly  a  semi-solid  or 
gelatinous  consistency.  Thus,  the  mucus  of  the  mouth,  when  ob- 
Mned  unmixed  with  the  secretions  of  the  salivary  glands,  is  so 


fig.  108. 


FotLrctEi  Of  A  Com* 
i'()[j5i»  Htrcotri  'Gla»i>clii. 
From  ihe  bninAn  trabjcct.  (Artfft 
KalUkfti-.)— <T.  Membrmnti  of  ttio 
fotLleL«.    6,  c    £j4tb«lliiiii  of  tb« 
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tough  and  adhesive  that  the  vessel  contaioitig  it  msLj  be  turndd 
upside  down  without  its  running  out.  The  mucus  of  the  cervtx 
uteri  has  a  similar  firm  consistency,  so  as  to  block  up  the  cavity 
of  this  part  of  the  organ  with  a  semi-solid  gelatinous  mass.  Mucos 
is  at  the  same  time  exceedingly  smooth  and  slippery  to  the  toocli,  I 
so  that  it  lubricates  readily  the  surfaces  upon  which  it  is  exodedr  j 
and  facilitates  the  passage  of  foreign  substances,  while  it  defendl 
the  mucus  membrane  itself  from  injury. 

The  composition  of  mucus,  according  to  the  analyses  of  Naas^' 
is  as  follows ; — 

CostPOBrriox  or  Pitlhoivary  MtJCDs. 

Water &55»52 

Animal  matter ,  $^.57 

Fat           ,         . 2.69 

Chlondf^  or  sodium  .........  5,gS 

Phosphates  of  aoda  and  potassa 1«00 

Salphates          '*                '*                a«5 

Carbouaiea       "               '*               (K4B 

The  animal  matter  of  mucus  is  insoluble  in  water ;  and  oonfl^ 
quently  mucus,  when  dropped  into  water,  does  not  mix  with  it,  tel  j 
is  merely  broken  up  by  agitation  into  gelatinous  threads  and  flaket^J 
which  subside  after  a  time  to  the  bottom.  It  is  miscible,  however*' 
to  some  extent,  with  other  animal  fluids,  and  may  be  incorporated 
with  them,  so  as  to  become  thinner  and  more  dilute.  ItreadHfJ 
takes  on  putrefactive  changes,  and  communicates  them  to  otlicr| 
organic  substances  with  which  it  may  be  in  contact. 

The  varieties  of  mucus  found  in  different  parts  of  the  body  we  J 
probably  not  identical  in  composition,  but  differ  a  little  in  the  cla- 
racter  of  their  principal  organic  ingredient,  as  well  as  in  the  pn^l 
portions  of  their  saline  constituents.  The  function  of  mucus  is  for  I 
the  most  part  a  physical  one,  viz.,  to  lubricate  the  raucous  aur&ca^i 
to  defend  tbem  from  injury,  and  to  facilitate  the  passage  of  foreigiil 
substances  through  their  cavities. 


2.  Sebaceous  Matteb. — The  sebaceous  matter  is  distinguisbed 
by  containing  a  very  large  proportion  of  fatty  or  oily  ingredienta 
There  are  three  varieties  of  this  secretion  met  with  in  the  body. 
viz.^  one  produced  by  the  sebaceous  glands  of  the  skin,  anotber  j 
by  the  cerurainous  glands  of  the  external  auditory  m^itus,  and 
a  third  by  the  Meibomian  glands  of  the  eyelid.     The  sebaoeocfi  | 

^  Simon's  ChemiAtry  of  Man,  Philada.,  1846,  p.  35& 
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gknds  of  the  skin  are  found  most  abuBdantly  in  those  parts  ^\  hich 
are  thickly  covered  with  hairs,  as  well  as  on  the  face»  the  labia 
tninora  of  the  female  generative  organs,  the  glans  penis,  and  the 
prepuce.  They  consist  sometimes  of  a  simple  follicle,  or  flask- 
shaped  cavity^  opening  by  a  single  orifice ;  but  more  frequently  of 
a  number  of  such  follicles  grouped  round  a  common  excretory  duct. 
The  duct  nearly  always  opens  just  at  the  root  of  one  of  the  hairs, 
which  is  smeared  more  or  less  abundantly 
with  its  secretion.    Each  follicle,  as  in  the  Fig.  104. 

case  of  the  mucous  glandules,  is  lined 
with  epithelium,  and  its  cavity  is  filled     ^^^ 
with  the  secreted  sebaceous  matter. 

In  the  Meibomian  glands  of  the  eye-     

lid  (Fig.  104),  the  follicles  are  ranged     ^B,  >;i'i|l 
along  the  sides  of  an  excretory  duct,     ^^"  ^^ 

situated  just  beneath  the  conjunctiva,  on 
the  posterior  surface  of  the  tarsus,  and 
opening  upon  its  free  edge,  a  little  be-  ^^BT^  ^^  ^  ^" 
liind  the  roots  of  the  eyelashes.  The 
ceruminous  glands  of  the  external  audi- 
tory meatus,  again,  have  the  form  of  long 
tubes,  which  terminate,  at  the  lower  part 

>vt  *  ^'      *  1  •  MBI  80  MlJkX         Ola  not,        IL(t$t 

ot  the  integument  Immg  the  meatus,  in     LudoTic. 
a  globular  coil,  or  convolution,  covered 
externally  by  a  network  of  capillary  bloodvessels. 
The  sebaceous  matter  of  the  skiQ  has  the  following  composition, 

according  to  Esenbeck.* 

t 
CoMP<ieiTtoif  OP  Sbbackoub  M.\rrBR4 

Atiimat  aabstances        .**.«...  353 

Patty  matteri StiS 

Phospliate  of  IJmo 200 

Carbonati*  of  lime         ........  21 

C&rboBAte  of  magnesia .  IG 

Chtoride  of  sodium   )  ^m 

Aceta,te  of  soda,  &c.  ^ 

1000 

Owing  to  the  large  proportion  of  stearine  in  the  fatty  ingredients 
of  the  sebaceous  matters,  they  have  a  considerable  degree  of  con- 
sistency. Their  office  is  to  lubricate  the  integument  and  the  hairs, 
to  keep  them  soft  and  pliable,  and  to  prevent  their  drying  up  by 

*  SitDcm^a  Cheroislry  of  Man,  p.  379. 
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too  rapid  evaporation.  When  the  sebaceous  glands  of  the  eoalp 
are  inactive  or  atrophied,  the  hairs  become  dry  and  brittle,  are 
easily  .split  or  broken  ofl',  and  finally  cease  growing  altogether. 
The  oeruraiaous  matter  of  the  ear  is  intended  without  doubt  partly 
to  obstruct  the  cavity  of  the  meatus,  and  by  its  glutinous  consist- 
ency and  strong  odor  to  prevent  small  injects  from  accidentally 
introducing  themselves  into  the  meatus.  The  secretion  of  tbe 
Meibomian  glands,  by  being  smeared  on  the  edges  of  the  eyelidt 
prevents  tlie  tears  from  running  over  upon  the  cheeks,  and  confines 
them  within  the  cavity  of  the  lachrymal  canals. 

3.  Perspiration'. — The  perspiratory  glands  of  the  skin  are  scat- 
tered everywhere  throughout  the  integument,  being  most  abundant 
on  the  anterior  portions  of  the  body.  They  consist  each  of  a  slender 
tube,  about  ^iJ^r  of  an  inch  in  diameter,  lined  with  glandular  qri- 
thelium^  which  penetrates  nearly  through  the  entire  thickness  of' 
the  skin,  and  terminates  below  in  a  globular  coil,  very  similar  ia 

appearance  to  that  of  the  oerarai- 
Fi«*  lt>5*  nous  glands  of  the  ear.  (Fig.  105.) 

A  network  of  capillary  vessels 
envelops  the  tubular  coil  and  sup- 
plies the  gland  with  the  materiili 
necessary  to  its  secretion. 

These  glands  are  very  abundanl 
in  some  parts*  On  the  posterior 
portion  of  the  trunk,  the  cheeky 
and  the  skin  of  the  thigh  and  leg 
there  are,  according  to  Krause^* 
about  500  to  the  square  inch;  OE 
the  anterior  part  of  the  trunk,  tbei 
forehead,  the  neck,  the  forwami, 
and  the  back  of  the  hand  and  foot, 
1000  to  the  square  inch ;  and  o«i 
the  sole  of  the  foot  and  the  palm 
of  the  hand  about  2700  in  the  same  space.  According  to  the  swne 
observer,  the  whole  number  of  perspiratory  glands  is  not  leas  thift 
2,300,000,  and  the  length  of  each  tubular  coil,  when  unrardlol 
about  1*5  of  an  inch.  The  entire  length  of  the  glandular  tuUag 
must  therefore  be  not  less  than  153,000  inches,  or  about  two  mil» 
and  a  half 

i  K5U1ker,  lltinrlbuch  der  OowelMaltjlipe,  Leipzig,  1S52,  p.  U7, 
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It  is  easy  to  understand,  therefore,  that  a  very  large  quantity  of 
fluid  may  be  supplied  from  so  extensive  a  glandular  apparatus.  It 
results  from  the  researches  of  Lavoisier  and  Seguin^  that  the  ave- 
xage  quantity  of  fluid  lost  by  cutaneous  perspiration  during  24 
ITS  ia  13,500  grains,  or  nearly  two  pounds  uvoirdupois,  A  still 
rger  quantity  than  this  may  be  discharged  during  a  shorter  time, 
iien  the  external  temperature  is  high  and  the  circulation  active. 
Southwood  Smith'  found  that  the  laborers  employed  in  gas 
)rks  lost  sometimes  as  much  as  3  J  pounds*  weight,  by  both  cuta- 
Dus  aqd  pulmonary  exhalation,  in  less  than  an  hour.  In  these 
s,  aa  Seguin  has  shown,  the  amount  of  cutaneous  transpiration 
I  about  twice  as  great  as  that  which  takes  place  through  the  lungs. 
The  perspiration  is  a  colorless  watery  fluid,  generally  with  a 
Btinctly  acid  reaction^  and  having  a  peculiar  odor,  which  varies 
somewhat  according  to  the  part  of  the  botiy  from  which  the  speci- 
men is  obtained.  Its  chemical  constitution,  according  to  Ansel- 
mino,^  is  as  follows : — 

■  COMPOSITIOir  OP  THE  PSftRPmATTOir. 

Water ,  995.00 

Anima!  matters,  ^tth  litne  *..**...  .10 

t  Sulphates,  and  Bubr^tuncea  soluble  in  water          ....  1.05 

Cblondes  of  fodinm  and  potasi<mm,  and  Hplrtt-extraet         .         .  2.40 

Aoelio  aoid,  acetates,  lactattis^  and  alcobol-tsxtrnQt       .        .        .  1.45 
lODO.DO 

The  office  of  the  cutaneous  perspiration  is  principally  to  regulate 
tbe  temperature  of  the  body.    We  have  already  seen,  in  a  preced- 
ing chapter,  that  the  living  body  will  mainUiin  the  temperature  of 
100^  F.,  though  subjected  to  a  much  lowgr  temperature  by  the 
surrounding  atmosphere,  in  consequence  of  the  continued  genera- 
tion of  heat  which  takes  place  in  its  interior;  and  that  iP,  by  long 
continued  or  severe  exposure,  the  blood  become  cooled  down  much 
below  its  natural  standard,  death  inevitably  results*     But  the  body 
has  also  the  power  of  resisting  an  unnaturally  high  temfierature, 
Ba  well  as  an  unnaturally  low  one.     If  exposed  to  the  influence  of 
H  atmosphere  w^armer  than  100°  F:,  the  body  does  not  become 
Hated  up  to  tbe  temperature  of  the  air,  but  remains  at  its  natural 
^&ndard.     This  is  provided   for  by  the  action  of  the  cutaneous 
,  which  are  excited  to  unusual  activity,  and  pour  out  a  large 
ty  of  watery  fluid  upon  the  skin.     This  fluid  immediately 

*  Milne  EdwardB,  Le<;onit  anr  ta  Fbysiologle,  fto.,  Tol.  \L  p,  623, 

*  Pbilosiophr  of  n«a!tb,  London,  1838,  cbap.  xUl. 

*  Simon.     Op.  uit.,  p.  374. 
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evaporates,  and  in  assuming  the  gaseous  form  causes  so  much  1 
to  become  latent  that  the  cutaneous  sur&ces  are  cooled  down  to^ 
their  natural  temperature. 

So  long  as  the  air  is  dry,  so  that  evaporation  from  the  sur&oe  I 
can  go  on  rapidly^  i^  very  elevated  temperature  can  be  borne  wiAJ 
impunity.     The  workmen  of  the  sculptor  Chantrey  were  in  ihel 
habit,  according  to  Dr.  Carpenter,  of  entering  a  furnace  in  which  J 
the  air  was  heated  up  to  350^ ;  and  other  instances  have  been  know 
in  which  a  temperature  of  400*^  to  600^  has  been  borne  for  a  timel 
without  much  inconvenience.     But  if  the  air  be  saturated  with 
moisture,  and  evaporation  from  the  skin  in  this  way  retarded,  Hat  \ 
body  soon  becomes  unnaturally  warm;  and  if  the  exposure  be  long  ' 
continued,  death  is  the  result.     It  is  easily  seen  that  horses,  when 
fast  driven,  suffer  much  more  from  a  warm  and  moist  atmosphere 
than  from  a  warm  and  dry  one.     The  experiments  of  Magendie  aid 
others  have  shown*  that  quadrupeds  confined  in  a  dry  atmosphcw  I 
suffer  at  first  but  little  inconvenience,  even  when  the  temperaiare  | 
is  much  above  that  of  their  own  bodies ;  but  as  soon  as  the  atmo 
sphere  is  loaded  with  moisture,  or  the  supply  of  perspiration  is  ex- 
hausted, the  blood  becomes  heated,  and  the  animal  dies.     Death  I 
follows  in  these  cases  as  soon  as  the  blood  has  become  heated  up  to 
8**  or  9°  F.,  above  its  natural  standard.     The  temperature  of  WfA 
therefore,  which  is  the  jiatural  temperature  of  birds^  is  fatal  to  quad-< 
rupeds ;  and  we  have  found  that  frogs,  whose  natural  temperatiiit 
is  50°  or  60°,  die  very  soon  if  they  are  kept  in  water  at  1 W  F. 

The  amount  of  perspiration  is  liable  to  variation,  as  ^e  haix 
already  intimated,  from  the  variations  in  temperature  of  the  mh 
rounding  atmosphere.  It  is  excited  also  by  unusual  musculfir 
exertion,  and  increased  or  diminished  by  various  nervous  condi* 
tions,  such  as  anxiety,  irritation,  lassitude,  or  excitement, 

4.  The  Tears. — The  tears  are  produced  by  lobulated  glaDdi. 
situated  at  the  upper  and  outer  part  of  the  orbit  of  the  eve,  «od  | 
opening,  by  from  six  to  twelve  ducts>  upon  the  surface  of  the  coo* 
junctiva,  in  the  fold  between  the  eyeball  and  the  outer  portioD  rf 
the  upper  lid.  The  secretion  is  extremely  watery  in  its  compositioQ, 
and  contains  only  about  one  part  per  thousand  of  solid  matt^r^ 
consisting  mostly  of  chloride  of  sodium  and  animal  extracti^' 
matter.    The  office  of  the  lachrymal  secretion  is  simply  to  keep  tl;? 


Bernard,  Leottu-es  on  tbe  Blood.     Atlee^s  tranalAtton,  Phila.,  1S&4*  p*  ^* 
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surfaces  of  tlie  cornea  and  conjunctiva  moist  and  polislietl,  and  to 
preserve  in  this  way  the  transparency  of  the  parts.  The  tears, 
which  are  constantly  secreted,  are  spread  out  uniformly  over  the 
anterior  part  of  the  eyeball  by  the  movement  of  the  lids  in  mnk- 
ing,  and  are  gradually  conducted  to  the  inner  angle  of  the  eye. 
Here  they  are  taken  up  by  the  puncta  lachrymalia,  pass  through 
the  lachrymal  canals^  and  are  finally  discharged  into  the  nasal  pas- 
sages beneath  the  inferior  turbinated  bones,  A  constant  supply  of 
fresh  fluid  is  thus  kept  passing  over  the  transparent  parts  of  the 
eyeball,  and  the  bad  results  avoided  which  would  follow  from  its 
cumulation  and  putrefactive  alteration. 

^The  Milk.^ — The  mammary  glands  are  conglomerate  glands^ 
resembling  closely  in  their  structure  the  pancreas,  the  salivary,  and 

|4be  lachrymal  glands.  They  consist  of  numerous  secreting  sacs  or 
ollicles,  grouped  together  in  lobules,  each  lobule  being  supplied 
rith  a  common  excretory  duct,  which  joins  those  coming  from 
ent  parts  of  the  gland. 

^1%.  106.)    In  this  way,  by  Ffg.  106. 

their  successive  union,  they 
form  larger  branches  and 
tnmks,  until  they  are  reduced 
in  numbers  to  some  15  or  20 
cylindrical  ducts,  the  lactifer' 

^mis  dwits,  which  open  finally 
by  as  many  minute  orifices 
upon  the  extremity  of  the 
nipple. 

The  secretion  of  the  milk 
becomes  fairly  established  at 
the  end  of  two  or  three  days 
after  delivery,  though  the 
breasts  often  contain  a  milky 

fluid  during  the  latter  part  of  pregnancy*  At  first  the  fluid  dis- 
charged from  the  nipple  is  a  yellowish  turbid  mixture,  which  is 
called  the  colostrum.  It  has  the  appearance  of  being  thinner  than 
the  milk,  but  chemical  examinations  have  shown*  that  it  really  con- 
tains a  larger  amount  of  solid  ingredients  than  the  perfect  secre- 
tion. When  examined  under  the  microscope  it  is  seen  to  contain^ 
beside  the  milk-globules  proper,  a  large  amount  of  irregularly  glo* 
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bular  or  oval  bodies,  from  x^'jj^j  to  ^J^  of  an  inch  in  diameter/ 

which  are  termed  the  *' colostrum  corpuscles/*    (Fig.  107.)     TheadJ 

bodieu  are  more  jellow  aadj 
Fig.  107*  Opaque  than  the  trae  milk-j 

glc^bules,  as  well  as  being  very! 
*  much  larger.     They  have  a| 
well  defined  outline,  and< 
sist  apparently  of  a  group  of  ^ 
minute  oily  granules  or  glo- 
bules, imbedded  in  a  mass 
of  organic  substance.    The 
milk'globules  at  this  tiiMj 
are  less  abundant  than  a(ier-i 
ward,   and    of   larger 
measuring  mostly  from  jt^^i" 
to  TB*uir  of  an  inch  in  duh 
meter. 

At  the  end  of  a  da?" 
two  after  its  first  appearano 

the  colostrum  ceases  to  be  discharged,  and  is  replaced  by  the  tr 

milky  secretion. 

The  milk,  as  it  is  discharged  from  the  nipple,  is  a  white^  opaqn 

fluid,  with  a  slightly  alkaline  reaction,  and  a  specific  gravity  of 

about  1030,      Its  proximate  chemical  constitution,  acoordijig  10 j 

Fereira  and  Lehmann,  is  as  follows : — 

CoMPosmoir  OF  Cow's  MtiK. 

Water 

Cftsoia 

Bolter 

Sugar         

SodA 

Cbloridt^a  of  eodiam  and  pot&ssLUTQ   .         .         .         ,         * 

FhoBphat«^  of  Boda  and  potassA 

FboBpbat<»  of  lime 

^'  **  EDAgnet^ia      «..•*•. 

«  "Iron 

Alkali ne  carbonates 

Iron.  &c. *         . 

Human  milk  is  distinguished  from  the  above  by  containing  1<^ 
casein,  and  a  larger  proportion  of  oily  and  eaccharine  ingrethenti 
The  entire  amount  of  solid  ingredients  is  also  somewhat  leastlttit 
in  cow's  milk. 
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The  casein  is  one  of  the  most  important  ingredients  of  tbe  milk* 
It  is  an  extremely  nutritious  organic  substance,  which  is  held  in  a 
fluid  form  by  union  with  the  water  of  the  secretion.  Casein  ia  not 
coagulable  by  heat,  and  consequently,  milk  may  be  boiled  without 
changing  its  consistency  tp  any  considerable  extent  It  becomes 
,  little  thinner  and  more  fluid  during  ebullition,  owing  to  the  melt- 
ig  of  its  oleaginous  ingredients;  and  a  thin,  membranous  film 
jrras  upon  its  surface,  consisting  probably  of  a  very  little  albumen, 
rhich  the  milk  contains,  mingled  with  the  casein.  The  addition  of 
any  of  the  "acids,  however,  mineral,  animal,  or  vegetable,  at  once 
coi^lates  the  casein,  and  the  milk  becomes  curdled.  Milk  is 
ilated^  furthermore,  by  the  gastric  juice  in  the  natural  process 
digestion,  immediately  after  being  taken  into  the  stomach ;  and 
if  vomiting  occur  soon  after  a  meal  containing  milk,  it  is  thrown 
oflT  in  the  form  of  semi-solid,  curddike  flakes. 

The  mucous  membrane  of  the  calves'  stomach,  or  rennet,  also 
has  the  power  of  coagulating  casein;  and  when  milk  has  been 
irdled  in  this  way,  and  its  w^atery,  saccharine,  and  inorganic  in- 
lieots  separated  by  mechanical  pressure,  it  is  converted  into 
cheese.  The  peculiar  flavor  of  the  different  varieties  of  cheese 
depends  on  the  quantity  and  quality  of  the  oleaginous  ingredients 
which  have  been  entangled  with  the  coagulated  casein,  and  on  the 
alterations  which  these  sub- 
stances have  undergone  by  ^*^-  ^^^ 
ic  lapse  of  time  and  ex- 
Bure  to  the  atmosphere. 
The  sugar  and  saline  sub- 
ances  of  the  milk  are  in 
[  solution,  together  with  the 
eaaein  and  water,  forming  a 
Idear,  colorless,  homogene- 
fona,  serous  fluid.  The  but- 
Br,  or  oleaginous  ingredient, 
>wever,  is  suspended  in 
lis  serous  fluid  in  the  form 
&f  minute  granules  and 
jlohules,  the  true  *'milk- 
Slobiiles.''  fFig.  108,)  These 
B'ohules  are  nearly  fluid  at 

^«  temperature  of  the  body,  and  have  a  perfectly  circular  out- 
'^e.    In  the  perfect  milk,  they  are  very  much  more  abundant  and; 
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smaller  in  size  than  in  the  colostrum;  as  the  largest  of  them  , 
not  over  2TiJfji  ^^  ^^  ^^^^  ^  diameter^  and  the  greater  numS 
jibout  1^5^^^  of  an  inch. 

The  following  is  the  composition  of  the  butter  of  cow's  milk, 
according  to  Robin  and  Verdeil : — 

Margarinti «         •         •         .     68 

Oleine 30 

Batjrine .2 

It  is  the  last  of  these  ingredients,  the  butyrine,  which  gives  the 
peculiar  flavor  to  the  butter  of  milk. 

The  milk-globules  have  sometimes  been  described  as  if  each  one 
were  separately  covered  with  a  thin  layer  of  coagulated  casein  or 
albumen.  No  such  investing  membrane,  however,  is  to  be  seen. 
The  milk-globules  are  simply  small  masses  of  semi-fluid  fiat,  SQ^ 
pended  by  admixture  in  the  watery  and  serous  portions  of  At 
secretion,  so  as  to  make  au  opaque,  whitish  emulsion.  They 
not  fuse  together  when  they  come  in  contact  under  the  micr 
simply  because  they  are  not  quite  fluid,  but  contain  a  large 
portion  of  margarine,  which  is  solid  at  ordinary  temperatures  of  the 
body,  and  is  only  retained  in  a  partially  fluid  form  by  the  oleine 
with  which  it  is  associated.  The  globules  may  be  made  to  fuse  witi 
each  other,  however,  by  simply  heating  the  milk  and  subjecting  it 
to  gentle  pressure  between  two  slips  of  glass. 

When  fresh  milk  is  allowed  to  remain  at  rest  for  twelve  to  twenty* 
four  hours,  a  large  portion  of  its  fatty  matters  rise  to  the  surface, 
and  form  there  a  dense  and  rich-looking  yellowish- white  layer,  the 
cream,  which  may  be  removed,  leaving  the  remainder  still  opaline. 
but  less  opaque  than  before.  At  the  end  of  thirty -six  to  forty-ei^t 
hours,  if  the  weather  be  warm,  the  casein  begins  to  take  on  I 
putrefactive  change.  In  this  condition  it  exerts  a  catalytic  actioii 
upon  the  other  iDgredients  of  the  milk,  and  particularly  upon  tk 
sugar.  A  pure  watery  solution  of  milk-sugar  (C^H^Oj^)  may  he 
kept  for  an  indefinite  length  of  time,  at  ordinary  temperattiw 
without  undergoing  any  change.  But  if  kept  in  contact  with  tbi 
partially  altered  casein,  it  suffers  a  catalytic  transformation,  and  is 
converted  into  lactic  acid  (C^Ufi^),  This  unites  with  the  free  8odi»  ( 
and  decomposes  the  alkaline  carbonates,  forming  lactates  of  so4* 
and  potassa.  After  tlie  neutralization  of  these  substances  has  beet] 
accomplished,  the  milk  loses  its  alkaline  reaction  and  begins  to  ton  I 
sour.     The  free  lactic  acid  then  coagulates  the  casein,  and  the  milk  ] 


SECRETION    OF    THE    BILE. 


321 


is  curdled.  The  altered  organic  matter  also  acts  upon  the  olea- 
ginous ingredients,  which  are  partly  decomposed;  and  the  milk 
begiriii  to  give  oflF  a  rancid  odor,  owing  to  the  development  of 
various  volatile  fatty  acids,  among  which  are  butyric  acid,  and  the 
like.  These  ehaugea  are  very  much  hastened  by  a  moderately 
elevated  temperature,  and  abo  by  a  highly  electric  state  of  the 
atmosphere. 

The  production  of  the  milk,  like  that  of  other  secretions,  is  liable 
to  be  much  influenced  by  nervous  impressions.  It  may  be  increased 
or  diminished  in  quantity,  or  vitiated  in  quality  by  sudden  emo- 
tions; and  it  is  even  said  to  have  been  sometimes  so  much  altered 
in  this  way  as  to  produce  indigestion,  diarrhoea,  and  convulsions  in 
the  infant. 

Simon  found*  that  the  constitution  of  the  milk  varies  from  day  to 
day,  owing  to  temporary  causes;  and  that  it  uQdergoes  also  more 
permanent  modifications,  corresponding  with  the  age  of  the  infant. 
lie  analyzed  the  milk  of  a  nursing  woman  during  a  period  of  nearly 
six  months,  commencing  with  the  second  day  after  delivery,  and 
repeating  his  examinations  at  intervals  of  eight  or  ten  days.  It 
appears,  from  these  observations,  that  the  casein  is  at  first  in  small 
quantity;  but  that  it  increases  during  the  first  two  months,  and 
then  attains  a  nearly  uniform  standard.  The  saline  matters  also 
increase  in  a  nearly  similar  manner.  The  sugar^  on  the  contrary, 
diminishes  during  the  same  period;  so  that  it  is  less  abundant  in 
the  third,  fourth,  fifth  and  sixth  months,  than  it  is  in  the  first  and 
acscond.  These  changes  are  undoubtedly  connected  wdth  the  in- 
creasing development  of  the  infant,  which  requires  a  corresponding 
alteration  in  the  character  of  the  food  supplied  to  it.  Finally,  the 
quantity  of  butter  in  the  milk  varies  so  much  from  day  to  day, 
owing  to  incidental  causes,  that  it  cannot  be  said  to  follow  any 
regular  course  of  increase  or  diminution* 

6.  Secretion  of  the  Bile. — The  anatomical  peculiarities  in  the 
structure  of  the  liver  are  such  as  to  distinguish  it  in  a  marked 
degree  from  the  other  glandular  organs.  Its  first  peculiarity  is 
that  it  is  furnished  principally  with  venous  blood.  For,  although 
it  receives  its  blood  from  the  hepatic  artery  as  well  as  from  the 
portal  vein,  the  quantity  of  arterial  blood  with  which  it  is  supplied 
is  extremely  small  in  comparison  with  that  which  it  receives  from 


^ 
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the  portal  system.    The  blood  wkich  has  circulated  throo^h  the 
capillaries  of  the  stomach,  spleen,  pancreas,  and  iiite8tine  is  col* 
looted  hy  the  roots  of  the  correspoediog  voms,  and  discharged  iiilo 
the  portal  vein,  which  enters  the  liver  at  the  great  tnuusverse 
fissure  of  the  organ.     Immediately  upon  its  entrance,  the  poitd 
vein  divides  into  two  branches^  right  and  left,  which  supplj  tliei 
corresponding  portions  of  the  liver;  and  these  branches  suooess*] 
ively  subdivide  into  smaller  twigs  and  ramifications,  until  they  are 
reduced  to  the  size,  according  to  KuUiker,  of  rztiif  ^^  *^  iuicliiaj 
diameter.    These  veins,  with  their  terminal  branches,  are  arraaged  I 
in  such   a   manner   as   to  include   between  them  pentagonal  or  ] 
hexagonal  spaces,  or  portions  of  the  hepatic  substance,  ^^  to  ^\ 
of  an  inch  in  diameter  in  the  human  subject,  which  can  readily  be 
distinguished  by  the  naked  eye,  both  on  the  exterior  of  the  organ  I 
and  by  the  inspection  of  cut  surfaces.     The  portions  of  hepatic 
substance  included  in  this  way  between  the  terminal    brandies 

of  the  portal  vein  (Fig,  109) 
Fig.  loa  are    termed    the   "  acini''  or 

"lobules"  of  the  liver;  and 
the  terminal  venous  branche^s^  J 
*  occupying  the  spaoesl 
the  adjacent  lobules^  are 
"interlobular''  veina    In  tbol 
spaces  between   the  lobules  I 
wc    also    find    the    minotol 
branches  of  the  hepatic  i^j 
tery»  and    the    commencJivl 
rootlets  of  the  hepatic  ductal 
As  the   portal  vein,  the  be- 1 
patic  artery,  and  the  hepEtk| 
duct  enter  the  liver  at 
transverse  fissure,   they  alt] 
closely  invested  by  a  fibrooil 
sheath,  termed  Glisson's  capsule,  which  accompanies  them  in  tlicir 
divisions  and  ramifications.     In  some  of  the  lower  animals,  as  in  tli^ 
pig,  this  i^heath  extends  even  to  the  interlobular  spaces,  inclosiDg 
each  lobule  in  a  thin  fibrous  investment,  by  which  it  is  distinttl/ 
separated  from  the  neighboring  parts.    In  the  human  subje 
ever,  Glisson's  capsule  becomes  gradually  thinner  as  it  po;..- 
the  liver,  and  disappears  altogether  before  reaching  the  interlob 
spaces ;  so  that  here  the  lobules  are  nearly  in  contact  with  o^  | 


HmnlilcAtlaa  of  PoiTJki.  Vriji  iji  Litkb,— «, 
Twlgof  poruiveia.  5,6.  latiirlobiiliir  volus.  e;  Aeluii. 
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other  bj  tlieir  adjacent  surfaces,  being  separated  onlj  by  the  inter- 
[>bular  reins  and  the  minute  branches  of  the  hepatic  aitery  and 
luct  previously  mentioned. 

From  the  sides  of  the  interlobular  veins,  and  also  from  their 
terminal  extremities,  there  are  given  off  capillary  vessels,  which 
penetrate  the  substance  of  each  lobule  and  converge  from  its  cir- 
cumference toward  its  centre,  inosculating  at  the  same  time  freely 
rith  each  other,  so  as  to  form  a  minute  vascular  plexus,  the  "  lobu- 
r"  capillary  plexus.  (Fig,  110.)    At  the  centre  of  each  lobul^  the 

Fig.  110, 


rlobaUr  rein*     6.  IiHrftlohiiUr  vola.    €^c,c.  Li»balar  c*f»lUfcry  pU-xui.    d,  d.  Twlgri  of  tntir> 
iit»r  V0IO  pAMlti^f  to  ftdjiicvol  lob  n  I  en. 

[>Tiverging  capillaries  unite  into  a  small  vein  {h\  the  "  intralobu- 

r*'  vein,  which  is  one  of  the  commencing  rootlets  of  the  hepatic 

fein.     These  rootlets^  uniting  successively  with  each  other,  so  as 

form  larger  and  larger  branches,  finally  leave  the  liver  at  its 

terior  edge,  to  empty  into  the  ascending  vena  cava. 

Beaide  the  capillary  bloodvessels  of  the  lobular  plexus,  each 

inu3  is  made  up  of  an  abundance  of  minute  cellular  bodies^  about 

of  an  inch  in  diameter,  the  "hepatic  cells."  (Fig.  111.)    These 

ells  have  an  irregularly  pentagonal  figure,  and  a  soft  consistency. 

bey  are  composed  of  a  homogeneous  organic  substance,  in  the 

St  of  which  are  imbedded  a  large  number  of  minute  granules. 

generally  several  well  defined  oibglohules.     There  is  also  a 

3und  or  oval  nucleus,  with  a  nucleolus,  imbedded  in  the  substance 
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of  the  cell,  sometimes  more  or  less  obscured  by  the  granules  and 
oil  drops  with  which  it  is  giirrounded. 

The  exact   mode  in  which  these  cells  are  connected   with  the 
hepatic  duct  was  for  a  long  time  the  most  obscure  point  in  llie 

minute  anatomy  of  the  U?er, 
It  has  now  been  ascertained,  j 
however,  by  the  researches  of  | 
Dr.  Leidy^  of  Philadelphiji»*| 
and   Dr.  Beale,  of  Londoa,'* 
that  they  are  really  contained 
in  the  interior  of 
tubules,  which  pass  off  : 
the  smaller  hepatic  ducts,  2 
penetrate    everywhere     thaj 
gubstance     of    the    lobn 
The  cells  fill  nearly  or  com^ 
pletely  the  whole  cavity  of 
the  tubules,  and  the  tubuloii  j 
themselves  lie  in  close  pr 
mity  with  each  other,  so 
to  leave  no  space  between  them  except  that  which  is  occupied  by 
the  capillary  bloodvessels  of  the  lobular  plexus. 

These  cells  are  the  active  agents  in  accomplishing  the  function  of 
the  liver.  It  is  by  their  influence  that  the  blood  which  is  brought 
in  contact  with  them  suffers  certain  changes  which  give  rise  to  the 
secreted  products  of  the  organ.  The  ingredients  of  the  bile  first 
make  their  appearance  in  the  substance  of  the  cells.  They  a« 
then  transuded  from  one  to  the  other,  until  they  are  at  last  dis- 
charged into  the  small  biliary  ducts  seated  in  the  interloli^:'"' 
spaces.  Each  lobule  of  the  liver  must  accordingly  be  regsird*  1 1 
a  mass  of  secreting  tubules,  lined  with  glandular  cells^  and  invested 
with  a  close  network  of  capillary  bloodvessels.  It  follows,  theW' 
fore,  from  the  abundant  inosculation  of  the  lobular  capillaries^  J 
the  manner  in  which  they  are  entangled  with  the  hepatic 
that  the  blood,  in  passing  through  the  circulation  of  the  liver, 
comes  into  the  most  intimate  relation  with  the  glandular  ceD^^^^ 
the  organ,  and  gives  up  to  them  the  nutritious  materials  whicL 
afterward  converted  into  the  ingredients  of  the  bile. 


BnPATic  Cells.    From  tho  kumia  tabjcict. 


*  Ami^rfean  Journal  Med.  Sal.,  J;ini]nry,  1848* 
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CHAPTER    XVII. 

EXCRETION. 

"We  have  now  come  to  the  last  division  of  the  great  nutritive 
fbnction,  viz.,  the  process  of  excretion.  In  order  to  understand  fairly 
the  nature  of  this  process  we  must  remember  that  all  the  component 
parts  of  a  living  organism  are  taecessariiy  in  a  state  of  constant 
change.  It  is  one  of  the  essential  conditions  of  their  existence  and 
activity  that  they  should  go  through  with  this  incessant  transforma- 
tion and  renewal  of  their  component  substances.  Every  living 
animal  and  vegetable,  therefore,  constantly  absorbs  certain  materials 
firom  the  exterior,  which  are  modified  and  assimilated  by  the  pro- 
cess of  nutrition,  and  converted  into  the  natural  ingredients  of  the 
organized  tissues.  But  at  the  same  tinae  with  this  incessant  growth 
and  supply,  there  goes  on  in  the  same  tissues  an  equally  incessant 
process  of  waste  and  decomposition.  For  though  the  elements  of 
the  food  are  absorbed  by  the  tissues,  and  converted  into  musculine, 
osteine,  hsematine  and  the  like,  they  do  not  remain  permanently  in 
this  condition,  but  almost  immediately  begin  to  pass  over,  by  a  con- 
tinuance of  the  alterative  process,  into  new  forms  and  combinations, 
which  are  destined  to  be  expelled  from  the  body,  as  others  continue 
to  be  absorbed.  Thus  Spallanzani  and  Edwards  found  that  every 
organized  tissue  not  only  absorbs  oxygen  from  the  atmosphere 
and  fixes  it  in  its  own  substance;  but  at  the  same  time  exhales 
carbonic  acid,  which  has  been  produced  by  internal  metamorphosis. 
This  process,  by  which  the  ingredients  of  the  organic  tissues,  al- 
ready formed,  are  decomposed  and  converted  into  new  substances, 
filled  the  process  of  DeMmctive  Assimilation. 
ccordingly  we  find  that  certain  substances  are  constantly  mak- 
their  appearance  in  the  tissues  and  fluids  of  the  body,  which 
not  exist  there  originally,  and  which  have  not  been  introduced 
with  the  food,  but  which  have  been  produced  by  the  process  of  in- 
ternal metamorphosis.  These  substances  represent  the  waste,  or 
physiological  detritus  of  the  animal  organism.    They  are  the  forma 
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under  which  those  materials  present  themselves,  which  have  once 
formed  a  part  of  the  living  tissues,  but  which  have  become  altered 
by  the  incessant  changes  characteristic  of  organized  bodies,  and 
which  are  consequently  no  longer  capable  of  exhibiting  vital  pro- 
perties, or  of  performing  the  vital  functions.  They  are,  therefore, 
destined  to  be  removed  and  discharged  from  the  animal  frame,  and 
are  known  accordingly  by  the  name  of  Exarementitious  Sukstanou.  I 

These  excrementitious  substances  have  peculiar  characters  by  ] 
which  they  may  be  distinguished  from  the  other  ingredients  of  ihe  J 
living  body ;  and  they  mighty  therefore,  be  made  to  constitute  a| 
fourth  class  of  proximate  principles,  in  addition  to  the  three  whicli 
we  have  enumerated  in  the  preceding  chapters.     They  are  all  sab- 
stances  of  definite  chemical  composition,  and  all   susceptible  of  J 
crystallization.     Some  of  the  most  important  of  them  contain  nitio«| 
gen,  while  a  few  are  non-nitrogenous  in  their  composition.    Tb^y 
originate  in  the  interior  of  living  bodies,  and  are  not  found  else- 
where, except  occasionally  as  the  result  of  decomposition.    Tbey  | 
are  nearly  all  soluble  in  water,  and  are  soluble  without  exception  ia 
the  animal  fluids.    Thej^  are  formed  in  the  substance  of  the  tissue^ 
from  which  they  are  absorbed  by  the  blood,  to  be  afterward  conveyed^ 
by  the  circulating  fluid  to  certain  excretory  organs,  particularly  ibe 
kidneys,  from  which  they  are  finally  discharged  and  expelled  from 
the  body.     This  entire  process,  made  up  of  the  production  of  ibe 
excrementitious  substances,  their  absorption  by  the  blood,  and  their 
final  elimination,  is  known  as  the  process  of  excretion. 

The  importance  of  this  process  to  the  maintenance  of  life  is  reaJilj 
shown  by  the  injurious  effects  which  follow  upon  its  disturbaaoe. 
If  the  discharge  of  the  excrementitious  substances  be  in  any  way 
impeded  or  suspended,  these  substances  accumulate,  either  in  ihe^ 
blood  or  in  the  tissues,  or  in  both.   In  consequence  of  this  retentJQ 
and  accumulation,  they  become  poisonous^  and  rapidly  produce  , 
derangement  of  the  vital  functions.     Their  influence  is  principally 
exerted   upon  the  nervous   system,  through  which  they  prodn 
most  frequent  irritability,  disturbance  of  the  special  senses, 
rium,  insensibility,  coma,  and  finally  death.     The  readiness 
which  these  effects  arc  produced  depends  on  the  character  cfi 
excrementitious  substance,  and  the  rapidity  with  wbicb  it  is 
duced  in  the  body.     Thus,  if  the  elimination  of  carbonic  add 
stopped,  by  overloading  the  atmosphere  with  an  abundaooe  of  1 
same  gas,  death  takes  place  at  the  end  of  a  few  minutes;  but  if  tbe 
elimination  of  urea  by  the  kidneys  be  checked,  it  requires  thivc  ^r 
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lur  days  to  produce  a  fatal  result.  A  fatal  result,  however,  is  cer- 
in  to  follow,  at  the  end  of  a  longer  or  shorter  time,  if  any  one  of 
lese  substances  be  compelled  to  remain  in  the  body,  and  accumu- 
te  in  the  animal  tissues  and  fluids. 

The  principal  excrementitioua  substances  known  to  exist  in  the 
uman  body  are  as  follows : — 

1.  Carbonic  acid     . 

2.  Ures- 

3.  CreAiine     • 

4.  CreAttnine 

5.  Urat«  of  soda 

6.  Urate  of  potass  a 

7.  Urate  of  ammonia 

The  physiological  relations  of  carbonic  acid  have  already  been 
;     studied,  at  sufficient  length,  in  the  preceding  chapters, 
'  The   remaining  excrementitious  substances  may  be  examined 

[     together  with  the  more  propriety,  since  they  are  all  ingredients  of 
a  single  excretory  fluid,  viz.,  the  urine. 

^B  Ubea. — This  is  a  neutral,  crystallizable,  nitrogenous  substance, 
^Bnery  readily  soluble  in  water,  and  easily  decomposed  by  various 
^Hxtemal  influences.     It  occurs 

■Fsc 

theb 


ae  urine  in  the  proportion 
!0  parts  per  thousand;  in 
the  blood,  according  to  Picard,* 
in  the  proportion  of  0.16  per 
thousand.  The  blood,  how- 
ever, is  the  source  from  which 
118  substance  is  supplied  to 
le  urine;  and  it  exists,  ac- 
>rdingly,  in  but  small  quan- 
tety  in  the  circulating  fluids  for 
reason  that  it  is  constantly 
lined  off  by  the  kidneys. 
lot  if  the  kidneys  be  extir- 
ated,  or  the  renal  arteries  tied, 
the  excretion  of  urine  sus- 


Fig,  112. 


^< 
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Vile  A.  prf  pHred  rrora  urine,  »ud  erjrflUnised  by 
ilow  t'vifcpomUou.    (A Her  LchmibUii,) 


aded  by  inflammation  or  otherwise,  the  urea  then  accumulates  in 

bblood,  and  presents  itself  there  in  considerable  quantity.    It  haa 

found  in  the  blood,  under  these  circumstances,  in  the  propor- 


'  In  Milne  Edwards,  L€90DB  iur  la  Fliysiologie,  &o»,  toI,  i.  p.  297* 
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tion  of  1.4  per  thousand.'  It  is  not  yet  known  from  what  source 
the  urea  is  originally  derived ;  wlietber  it  be  produced  in  the  blood 
itself^  or  whether  it  is  formed  in  some  of  the  solid  tissues,  and  thenoe 
taken  up  by  the  blood.  It  has  not  yet  been  found,  however,  in  any 
of  the  solid  tissues,  in  a  state  of  health. 

Urea  is  obtained  most  readily  from  the  urine.  For  this  purpose 
the  fresh  urine  is  evaporated  in  the  water  bath  until  it  has  a  syrupy 
consistency.  It  is  then  mixed  with  an  equal  volume  of  nitric  acid, 
which  forms  nitrate  of  urea.  This  salt,  being  less  soluble  than  pure 
urea,  rapidly  crystallizes,  after  which  it  is  separated  by  filtration 
from  the  other  ingredients.  It  is  then  dissolved  in  water  and  deoom- 
posed  by  carbonate  of  lead,  forming  nitrate  of  lead  which  reraaim 
in  solution,  and  carbonic  acid  which  escapes.  The  solution  is  then 
evaporated,  the  urea  dissolved  out  by  alcohol,  and  finally  crysul* 
lized  in  a  pure  state. 

Urea  has  no  tendency  to  spontaneous  decomposition,  and  tnay  i 

be  kept,  when  perfectly  pure,  in  a  dry  state  or  dissolved  in  water, 

for  an  indefinite  length  of  time.     If  the  watery  s<^lution  be  boilwt 

however,  the  urea  is  converted,  during  the  process  of  ebullitiot^ 

into  carbonate  of  ammonia.     One  equivalent  of  urea  unites  with 

two  equivalents  of  water,  and  becomes  transformed  into  two  equifft* 

lents  of  ciirbonate  of  ammonia,  as  follows  :— 

C2H^KyO^=Urea.  NHj^COj^ Carbonate  of  ammonia. 

Hj    O^^Wator.  2 


Various  impurities,  also,  by  acting  as  catalytic  bodies,  wiH  in* 
duce  the  same  change,  if  water  be  present.     Animal  substances  in 
a  state  of  commencing  decomposition  are  particularly  liable  to  act 
in  this  way.     In  order  that  the  conversion  of  the  urea  be  thus  pro-  j 
duced,  it  is  necessary  that  the  temperature  of  the  mixture  be  oat  I 
far  from  70°  to  100*=^  F. 

The  quantity  of  urea  produced  and  discharged  daily  by  a  healthT  1 
adult  is,  according  to  the  experiments  of  Lehmann,  about  h^\ 
grains.  It  varies  to  some  extent,  like  all  the  other  secreted  sod] 
excreted  products,  with  the  size  and  development  of  the  bodhr.j 
Lehmann,  in  experiments  on  his  own  person,  found  the  aTen^l 
daily  quantity  to  be  487  grains.  Dr.  William  A.  Hammond,*  wlftHcl 
weight  was  205  pounds,  by  similar  experiments  found  it  lo  be  tfTM 

i  Robin  ftnd  Verdeil,  toL  ii.  p.  602. 
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grams.  Dr.  John  C.  Draper/  whose  weight  was  145  pounds,  found 
it  408  grains.  No  urea  is  to  be  detected  in  the  urine  of  very  young 
lildren ;'  but  it  soon  makes  its  appearance,  and  afterward  increases 
in  quantity  with  the  development  of  the  body. 

The  daily  qnantity  of  urea  varies  also  with  the  degree  of  mental 
and  bodily  activity,  Lehmann  and  Hammond  both  found  it  very 
Bensibly  increased  by  muscular  exertion  and  diminished  by  repose. 
It  has  been  thought,  from  these  fiicts,  that  this  substance  must  be 
directly  produced  from  disintegration  of  the  muscular  tissue.  This, 
liawever,  is  by  no  means  certain ;  since  in  a  state  of  general  bodily 
livity  it  is  not  only  the  urea,  but  the  excretions  generally^  car- 
lic  acid,  perspiration,  &c.,  which  are  increased  in  quantity  simul- 
taneously. Hammond  also  found,  in  his  own  person,  that  unusual 
lental  application  alone,  all  the  other  conditions,  of  diet,  exercise, 
3.,  remaining  the  same,  raised  the  daily  quantity  of  urea  from  670 
748  grains  per  day. 

The  quantity  of  urea  varies  also  with  the  nature  of  the  food. 
Lehmann,  by  experiments  on  his  own  person,  found  that  the  €[uan- 
tity  was  larger  while  living  exclusively  on  animal  food  than  with 
a  mixed  or  vegetable  diet ;  and  that  its  quantity  was  smallest  when 
confined  to  a  diet  of  purely  non-nitrogenous  substances,  as  starch, 
sugar,  and  oil.  The  following  table^  gives  the  result  of  these  ex- 
periments. 

KiJiD  OP  Pood.  Daut  QuASTtrt  op  Urba. 

Anlm&l ',7^8  grahiB. 

Mixed ,        .        487      " 

Vegetable 337      " 

N  cm -nitrogenous  •,.*.•        231      ^* 

Finally,  it  has  been  shown  by  Dr.  John  C.  Draper*  that  there  is 
also  a  diurnal  variation  in  the  normal  quantity  of  urea.     A  smaller 
quantity  is  produced  during  the  night  than  during  the  day ;  and 
lis  difference  exists  even  in  patients  who  are  confined  to  the  bed 
'during  the  whole  twenty- four  hours,  as  in  the  case  of  a  man  under 
^treatment  for  fracture  of  the  leg.     This  is  probably  oi^^ng  to  the 
freater  activity,  during  the  waking  hours,  of  both  the  mental  and 
igestive  functions.     More  urea  is  produced  in  the  latter  half  than 
In  the  earlier  half  of  the  day ;  and  the  greatest  quantity  is  dis- 
charged during  the  four  hours  from  6J  to  lOJ  P,  M. 

Urea  exists  in  the  urine  of  the  carnivort>UB  and  many  of  the 

•  Npw  York  JonmAl  of  Mediofne.  March,  183 G. 
»  Robin  fttia  V^Mf^iU  ro\,  n   p.  500. 

•  Ltfhmiinii,  op.  cil.,  vol.  iL  p.  Itf3.  *  Loc.  cit. 
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herbivorous  quadrupeds ;  but  there  is  little  or  none  to  be  found  b 
that  of  birds  and  reptiles* 

Creatixe. — This  is  a  neutral  crystallizable  substance^  found  in 
the  muscles,  the  blood,  and  the  urine.     It  is  soluble  in  water,  very 

slightly  soluble  in  alcohol,  and 
Fig'  113.  not  at  all  so  in  ether.     By  boil- 

ing with  an  alkali,  it  is  either 
converted  into  carbonic  acid 
and  ammonia^  or  is  decomposed 
with  the  production  of  urea  and 
an  artificial  nitrogenous  crys- 
tallizable  substance,  termed  sar- 
cosine.  By  being  heated  with 
strong  acids,  it  loses  two  equiva- 
lents of  water,  and  is  converted 
into  the  substance  next  to  he 
described,  viz.,  creatinine. 

Creatine  exists  in  the  urioB^ 
in  the  human  subject,  in  tbo  ] 
proportion  of  about  1.25  pwtei 
and  in  the  muscles  in  the  proportion  of  0,67  parts  per  thousand. 
Its  quantity  in  the  blood  has  not  been  determined.  In  the  muscu- 
lar tissue  it  is  simply  in  solution  in  the  interstitial  fluid  of  the  partly 
so  that  it  may  be  extracted  by  simply  cutting  the  muscle  ifllo 
small  pieces,  treatiug  it  with  distilled  water,  aod  subjecting  it  KJ 

pressure.     Creatine    evidently 
J^ig'  114.  originates  in  the  muscular  ti* 

sue,  is  absorbed  thence  by  the 
blood,  and  is  finally  disch«2^ 
with  the  urine. 


?^ 


D) 


C  R  K  AT  I  UK,  erytUUlxod  rmm  hot  wster.   (Aft«r 


n/Zc 


^ 


CftKAT]|ttir«^    ery^AUIIUed  from    ho(  WAter 
(After  Lehniftuii.) 


Creattnine. — This  is  aboil 
crystal lizable  substanoeu  Ildit  | 
fers  in  compf^sition  from  Crt 
tine  by  containing  two  equivi*  I 
lents  less  of  the  elements  of 
water.      It  is  more  soluble  in 
water  and  in  spirit  than  crei- 
tine,  and  dissolves  slightly  a^  < 
in  ether.      It  has  a  disiinclJf  I 
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ilkaline  reaction.  It  occurs,  like  creatine^  in  the  muscles,  the  blood, 
lud  the  urine ;  and  is  undoubtedly  first  produced  in  the  muscular 
issue,  to  be  discharged  finally  by  the  kidneyg.  It  is  very  possible 
Ihat  it  originates,  not  directly  from  flie  muscles,  bat  indirectly,  by 
transformation  of  a  part  of  the  creatine ;  since  it  may  be  artificially 
produced^  as  we  have  already  mentioned,  by  transformation  of  the 
latter  substance  under  the  influence  of  strong  acids,  and  since,  fur- 
thermore, while  creatine  is  more  abundant  in  the  muscles  than 
jreatinine,  in  the  urine,  on  the  contrary,  there  is  a  larger  quantity 
>f  creatinine  than  of  creatine.  Both  these  substances  have  been 
fbund  in  the  muscles  and  in  the  urine  of  the  lower  animals. 


•Ubate  of  Soda. — As  its  name  implies^  this  substance  is  a  neu- 
,  salt,  formed  by  the  union  of  soda,  aa  a  base,  with  a  nitrogenous 
animal  acid,  viz.,  uric  acid  (C^HNjO^pHO).  Uric  acid  is  sometimes 
spoken  of  as  though  it  were  itself  a  proximate  principle,  and  a 
constituent  of  the  urine;  but  it  cannot  properly  be  regarded  ag 
ectcb,  since  it  never  occurs  in  a  free  state,  in  a  natural  condition  of 
the  fluids.  When  present,  it  has  always  been  produced  by  decom- 
^position  of  the  urate  of  soda. 

^B  Urate  of  soda  is  readily  soluble  in  hot  water,  from  ivhich  a  large 
^TOortion  again  deposits  on  cooling.  It  is  slightly  soluble  in  alcohol, 
^and  insoluble  in   ether.    It 

crystallizes  in  small  globu-  ^^g-  ^1^- 

masses,  with  projecting, 
curved,  conical,  w^art-like 
sxcrescences.  (Fig.  115.)  It 
iissolves  readily  in  the  alka- 
lies ;  and  by  most  acid  solu- 
tions it  is  decomposed,  with 
lie  production  of  free  uric 
.>id. 

Urate  of  soda  exists  in 
le  urine  and  in  the  blood. 
tt  is  either  produced  origin- 
lily  in  the  blood,  or  is  formed 
some  of  the  solid  tissues, 
ind  absorbed  from  them  by        dratb  of  sooa;  from  imriflarr  d*p<»«tt. 
alating  fluid.    It  is 
tly  eliminated  by  the  kidneys,  in  company  with  the  othef 
redieats  of  the  urine.    The  average  daily  quantity 
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soda  discharged  by  the  healthy  human  subject  is,  according  to 
Lehmann,  about  25  grains.  This  substance  exists  in  the  urine  of 
the  carnivorous  and  omnivorous  animals,  but  not  in  that  of  the  her- 
bivora.  In  the  latter,  it  is  replaced  by  another  substance,  differing 
somewhat  from  it  in  composition  and  properties,  viz.,  hippurnle 
of  soda*  The  urine  of  herbivora,  however,  while  still  very  young; 
and  living  upon  the  milk  of  the  mother^  has  been  found  to  conuiii 
urates.  But  when  the  young  animal  is  weaned,  and  becomes  her- 
bivorous, the  urate  of  soda  disappears,  and  is  replaced  by  the  hip- 
purate. 

Urates  of  Potassa  and  Ammonia. — The  urates  o/poioi^m  and 
ainrnfmia  resemble  the  preceding  salt  very  closely  in  their  phy«i<>- 
logical  relations.  They  are  formed  in  very  much  smaller  quantity 
than  the  urate  of  soda,  and  appear  like  it  as  ingredients  of  the  urine. 

The  substances  above  enumerated  closely  resemble  each  other  la 
their  most  striking  and  important  characters.  They  all  coutein 
nitrogen,  are  all  cry  stall  izable,  and  all  readily  soluble  in  water. 
They  all  originate  in  the  interior  of  the  body  by  the  decompositioa 
or  catalytic  transformation  of  its  organic  ingredients,  and  are  all 
conveyed  by  the  blood  to  the  kidneys,  to  be  finally  expelleil  with 
the  urine.  These  are  the  substances  which  represent,  to  a  great 
extent,  the  final  transformation  of  the  organic  or  albuminoid  in- 
gredients of  the  tissues.  It  has  already  been  mentioned,  in  a  p»- 
vious  chapter,  that  these  organic  or  albuminoid  substances  are  nol 
discharged  from  the  body,  under  their  own  form,  in  quantity  at  all 
proportionate  to  the  abundance  with  which  they  are  introduoed 
By  far  the  greater  part  of  the  muss  of  the  frame  is  made  up  of 
organic  substances:  albumen,  masculine,  osteine.  &c.  Similar 
materials  are  taken  daily  in  large  quantity  with  the  food,  in  order 
to  supply  the  nutrition  and  waste  of  those  already  composing  the 
tissues;  and  yet  only  a  very  insignificant  quantity  of  similar 
material  is  expelled  with  the  excretions.  A  minute  proportion  d 
volatile  animal  matter  is  exhaled  with  the  breath,  and  a  minute 
proportion  also  with  the  perspiration,  A  very  small  quantity  is 
discharged  under  the  form  of  mucus  and  coloring  matter,  with  tlw 
urine  and  feces;  but  all  these  taken  together  are  entirely  insuffi- 
cient to  account  for  the  constant  and  rapid  disappearance  of  organic 
matters  in  the  interior  of  the  body.  These  matters,  in  fact,  befiim 
being  discharged,  are  converted  by  catalysis  and  decompositioci  iuW 
new  substances*     Carbonic  acid,  under  which  form  3500  grains  */ 
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I  carbon  are  daily  expelled  from  the  body,  is  one  of  these  substances ; 
Ihe  others  are  urea,  creatine,  creatinine,  and  the  urates. 
I  We  see,  then,  in  what  way  the  organic  matters,  in  ceasing  to  form 
k  part  of  the  living  body,  lose  their  characteristic  properties,  and 
are  converted  into  crystallizable  substances,  of  definite  chemical 
composition.  It  is  a  kind  of  retrograde  metamorphosis,  by  which 
'they  retom  more  or  less  to  the  condition  of  ordinary  inorganic 
Hinaterials.  These  excrementitious  matters  are  themselves  decom- 
posed,  after  being  expelled  from  the  body,  under  the  influence  of 

I  Ihe  atmospheric  air  and  moisture ;  so  that  the  decomposition  and 
destruction  of  the  organic  substances  are  ut  last  complete. 
I    It  will  be  seen,  consequently,  that  the  urine  has  a  character 
Utogether  peculiar,  and   one  which   distinguishes  it   completely 
from  every  other  animal  fluid.     All  the  others  are  either  nutritive 
fluids,  like  the  blood  and  milk,  or  are  destined,  like  the  secretions 
generally,  to  take  some  direct  and  essential  part  in  the  vital  opera- 
^— lions.    Many  of  them,  like  the  gastric  and  pancreatic  juices,  are 
^Reabsorbed  after  they  have  done  their  work,  and  again  ent^r  the 
'     current  of  the  circulation.     But  the  urine  is  merely  a  solution  of 
I     excrementitious  substances.    Its  materials  exist  beforehand  in  the 
'      circulation,  and  are  simply  drained  away  by  the   kidneys  from 
the  blood.    There  is  a  wide  difference,  accordingly,  between  the 
action  of  the  kidneys  and  that  of  the  true  glandular  organs,  in 
^^wbich  certain  new  and  peculiar  substances  are  produced  by  the 
^■tction  of  the  glandular  tissue.     The  kidneys,  on  the  contrary,  do 
^Biot  secrete  anything,  properly  speaking,  and  are  not,  therefore, 
^glands.     In  their  mode  of  action,  so  far  as  regards  the  excretory 
function,  they  have  more  resemblance  to  the  lungs  than  to  any 
&ther  of  the  internal  organs.     But  this  resemblance  is  not  complete ; 
ince  the  lungs  perform  a  double  function,  absorbing  oxygen  at  the 
irae  time  that  they  exhale  carbonic  acid.     The  kidneys  alone  are 
purely  excretory  in  their  office.      The  urine  is  not  intended  to 
ilfil  any  function,  mechanical,  chemical,  or  otherwise ;  but  is  des- 
ined  only  to  be  eliminated  and  expelled.     Since  it  possesses  so 

cuUar  and  important  a  character,  it  will  require  to  be  carefully  i 

tudied  in  detail. 

The  urine  is  a  clear,  watery,  amber-colored  fluid,  with  a  distinct 

reaction-    It  has,  while  still  warm,  a  peculiar  odor,  which  dis- 

irs  more  or  less  completely  on  cooling,  and  returns  when  the 

irine  is  gently  heated.     The  ordinary  quantity  of  urine  discharged 

lily  by  a  healthy  adult  is  about  Sxxxv,  and  its  mean  specific 
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gravity,  1024.  Both  its  total  quantity,  however,  and  its 
specific  gravity  are  liable  to  vary  somewhat  from  day  to  day,  owing 
to  the  differeut  proportions  of  water  and  solid  ingredients  enU 
into  its  constitution.  Ordinarily  tho  water  of  the  urine  is 
than  sufficient  to  hold  all  the  solid  matters  in  solution ;  and  its  prof ' 
portion  may  therefore  be  diminished  by  accidental  causes  vtrilhont 
the  urine  becoming  turbid  by  the  formation  of  a  deposit.  Under 
such  circumstances,  it  merely  becomes  deeper  in  color,  and  of  a 
higher  specific  gravity.  Thus,  if  a  smaller  quantity  of  water  than 
usual  be  taken  into  the  system  with  the  drink^  or  if  the  fluid  ex» 
halations  from  the  lungs  and  skin,  or  the  intestinal  discharges,  be 
increased,  a  smaller  quantity  of  water  will  necessarily  pass  off  by 
the  kidneys ;  and  the  urine  will  be  diminished  in  quantity,  while  its 
specific  gravity  is  increased.  We  have  observed  the  urine  to  be 
reduced  in  this  way  to  eighteen  or  twenty  ounces  per  day,  its  siieciflc 
gravity  rising  at  the  same  time  to  1030.  On  the  other  banfl,  if  tlie 
fluid  ingesta  be  unusually  abundant,  or  if  tlie  perspiration  be  dimi- 
nished, the  surplus  quantity  of  water  will  pass  off  by  the  kidneys;  so 
that  the  amount  of  uriue  in  twenty-four  hours  may  be  increased  to 
forty-five  or  forty -six  ounces,  aod  its  specific  gravity  rcducod  al  i 
the  same  time  to  1020  or  even  1017.  Under  these  conditioiid  die  * 
total  amount  of  solid  matter  discharged  daily  remains  about  lie 
same.  The  changes  above  mentioned  depend  simply  upon  the 
fluctuating  quantity  of  water,  wljich  may  pass  off  by  the  kidoeyi 
in  larger  or  smaller  quantity,  according  to  accidental  circumstances. 
In  these  purely  normal  or  physiological  variations,  therefore,  the 
entire  quantity  of  the  urine  and  its  mean  specific  gravity  vaiy 
always  in  an  inverse  direction  with  regard  to  each  other ;  the  former 
increasing  while  the  latter  diminishes,  and  vice  versit  If,  however^  it 
should  be  found  that  both  the  quantity  and  specific  gravity  of  the 
urine  were  increased  or  diminished  at  the  same  time,  or  if  either 
one  were  increased  or  diminishctl  while  the  other  remained  station- 
ary, such  an  alteration  would  show  an  actual  change  in  the  total 
amount  of  solid  ingredients,  and  would  indicate  an  unnatural  and 
pathological  condition.  This  actually  takes  place  in  certain  forsii 
of  disease. 

The  amount  of  variation  in  the  quantity  of  waten  eveo,  may !» I 
so  great  as  to  constitute  by  itself  a  pathological  condition,    TIii^ 
in  hysterical  attacks  there  is  sometimes  a  very  abundant  flow  of 
limpid,  nearly  colorless  urine,  w^ith  a  specific  gravity  not  over  ltJ«S 
or  1006.    On  the  other  hand,  in  the  onset  of  febrile  attack^^  tta 
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luantity  of  water  is  often  so  muoh  diminished  that  it  is  no  longer 

ifBcient  to  retain  in  solution  all  the  solid  ingredients  of  the  urine^ 

the  urate  of  soda  is  thro\^Ti  down,  after  coolings  as  a  fine  red 

(rellowish  sediment*     So  long,  however,  as  the  variation  is  con- 

|ned  within  strictly  physiological  limits,  all  the  solid  ingredients 

re  held  in  solution,  and  the  urine  remains  clear. 

There  is  also,  in  a  state  of  health,  a  diurnal  variation  of  the  urine, 

both  in  regard  to  its  specific  gravity  and  its  degree  of  acidity. 

The  urine  is  generally  discharged  from  the  bladder  five  or  six 

imes  during  the  twenty-four  hours,  and  at  each  of  these  periods 

bows  more  or  less  variation  in  its  physical  characters.     We  have 

Dund   that  the  urine  which  collects  in  the   bladder  during   the 

Aight^  and   is  first  dischaj^ged  in  the   mornings  is  usually  deuse, 

lighly  culored,  of  a  strongly  acid   reaction,  and  a  high  specific 

ravity.    That  passed  during  the  forenoon  is  pale,  and  of  a  low 

2ific  gravity,  sometimes  not  more  than  1018  or  even  1015.     It 

t  at  the  same  time  neutral  or  slightly  alkaline  in  reaction.    Toward 

tbe  middle  of  the  day,  its  density  and  depth  of  color  increase,  and 

its  acidity  returns.     All  these   properties  become  more  strongly 

marked  during  the  afternoon  and  evening,  and  toward  night  the 

urine  is  again  deeply  colored  and  strongly  acid,  and  has  a  specific 

gravity  of  1028  or  io30. 

The  following  instances  will  serve  to  show  the  general  characterj? 
of  this  variation ; — 

Obsbbvatiow  riK«T»     March  20th ^ 
Urine  of  Ut  discharge,  aottl,         sp,  gr.  1025* 
"     2d  "  Blkaline,       "       1015. 

"     3d  "  laeutraK        "       1018, 

"     4th        ♦'  acid,  "       1018. 

•*     6th        "  acid,  "      1027* 

OBSFRVATToy  Sbooxti.     MaTch  21  *f. 
Urine  of  Ist  discharge,  acid,         sp.  gr.  1029. 
"     2d  "  neutral,         "       1022. 

«     M  **  neiitrat,         "       1025. 

"     4th        «  acid,  "      1^27. 

*•     5Lh        "  acid,  "       1030. 

These  variations  do  not  always  follow  the  perfectly  regular 
Oiirae  manifested  in  the  above  instances,  since  they  are  somewhat 
ible^  as  we  have  already  mentioned,  to  temporary  modification 

jm  accidental  causes  during  the  day;  but  their  general  tendency 
early  always  corresponds  with  that  given  above. 

It  m  evident^  therefore,  that  whenever  we  wish  to  test  the  specific 
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gravity  and  acidity  of  the  urine  in  cases  of  disease,  it  will  not  be 
sufficient  to  examine  any  single  specimen  taken  at  random ;  but  til 
the  different  portions  discharged  during  the  day  should  be  collected 
and  examined  together.  Otherwise,  we  should  incur  the  risk  of 
regarding  as  a  permanently  morbid  symptom  what  might  be 
nothing  more  than  a  purely  accidental  and  temporary  TarialioiL 

The  chemical  coJistitiUio7i  of  the  urine  as  it  is  discharged  from  the 
bladder,  according  to  the  analyses  of  Berzelius^  Lehmann^  Becquerelt 
and  others,  is  as  follows : — 

CuHPOSiTioif  OP  TBB  Uruts, 

Water 

UrtjA 

Creatiti© 

Creatinine 

Urate  uf  BodA  i 

"     poLaasa     >  .....*••  1^9$ 

**     amoiouia ) 
Coloring  mailer  and  \ 
Mucus  i 

Hi  phosphate  of  eoda 
Fh(»pliAto  of  soda 
*•  poiasaa 

"  magnesia 

'*  lim©  j 

Chloriiiea  of  aodium  and  potassium 7.B0 

Bulpliaitia  of  soda  and  potassa  .......  6.9^ 

We  need  not  repeat  that  the  proportionate  quantity  of  these 
difierent  ingredients,  as  given  above,  is  not  absolute,  but  only 
approximative;  and  that  they  vary,  from  time  to  time,  vd\iim 
certain  physiological  limits,  like  the  ingredients  of  all  other  aoimil 
iluids. 

The  urea,  creatine,  creatinine  and  urates  have  all  been  suffi* 
ciently  described  above.  The  mucus  and  coloring  matter,  imliki 
the  other  ingredients  of  the  urine,  belong  to  the  class  of  organic 
substances  proper.  They  are  both  present,  as  may  be  seen  by  iSie 
analysis  quoted  above,  in  a  very  small  quantity.  The  coloriag 
matter,  or  urosaciiief  is  in  solution  in  a  natural  oondition  of  the 
urine,  but  it  is  apt  to  be  entangled  by  any  accidental  deposits  whkk 
may  be  thrown  down,  and  more  particularly  by  those  consisting  of 
the  urates.  These  deposits,  from  being  oflen  strongly  colored  wl 
or  pink  by  the  urosacine  thus  thrown  down  with  tbem,  iiite 
under  the  name  of  "  brick -dust"  sediments. 

The  mucus  of  the  urine  comes  from  the  lining  membrane  of 
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urinary  bladder.  When  first  discharged  it  is  not  visible,  owing  to 
its  being  uniformly  disseminated  through  the  urine  by  mechanical 
l«gitation;  but  if  the  fluid  be  allowed  to  remain  at  rest  for  some 
bours  in  a  cylindrical  glass  vessel,  the  mucus  collects  at  the  bottom, 
and  may  then  be  seen  as  a  light  cottony  cloud,  interspersed  often 
with  minute  semi-opaque  points.  It  plays,  as  we  shall  hereafter 
see,  a  very  important  part  in  the  subsequeBt  fermentation  and 
decomposition  of  the  urine. 

Bipho9ph.atA  of  socla  exists  in  the  urine  by  direct  solution,  since  it  is 
Steadily  soluble  in  water.  It  is  this  salt  which  gives  to  the  urine  its 
acid  reaction,  as  there  is  no  free  acid  present,  in  the  recent  condition. 
It  is  probably  derived  from  the  neutral  phosphate  of  soda  in  tlie 
blood  which  is  decomposed  by  the  uric  acid  at  the  time  of  its  form* 
ation ;  producing,  on  the  one  hand,  a  urate  of  soda,  and  converting 
a  part  of  the  neutral  phosphate  of  soda  into  the  acid  hiphosphate. 

The  phosphates  of  lime  and  magnesia^  or  the  **  earthy  phosphates," 
as  they  are  called,  exist  in  the  urine  by  indirect  solution.     Though 
^luble,  or  very  nearly  so,  in  pure  water,  they  are  held  in  solu- 
Bon  in  the  urine  by  the  acid  phosphate  of  soda,  above  described. 
They  are  derived  from  the  blood,  in  which  they  exist  in  considera- 
ble quantity.     When  the  urine  is  alkaline,  these  phosphates  are 
fleposited  as  a  light-colored  precipitate,  and  thus  communicate  a 
irbid  appearance  to  the  fluid.     When  the  urine  is  neutral,  they 
nay  still  be  held  in  solution,  to  some  extent,  by  the  chloride  of 
lium,  which  has  the  property  of  dissolving  a  small  quantity  of 
l^hosphate  of  lime. 
The  remaining  ingredients^  phosphates  of  soda  and  potassa,  sul- 
lates  and  chlorides,  are  all  derived  from  the  blood,  and  are  held 
lirectly  in  solution  by  the  water  of  the  urine. 
The  urine,  constituted  by  the  above  ingredients,  forms,  as  we 
ave  already  described,  a  clear  amber-colored  fluid,  with  a  reaction 
the  most  part  distinctly  acid,  sometimes  neutral,  and  occasion- 
Ily  slightly  alkaline.     In  its  healtliy  condition  it  is  affected  by 
^emical  and  physical  reagents  in  the  following  manner. 
Boiling  the  urine  does  not  produce  any  visible  change,  provided 
reaction  be  acid.    If  it  be  neutral  or  alkaline,  and  if,  at  the  same 
le,  it  contain  a  larger  qufintity  than  usual  of  the  earthy  phos- 
^tes,  it  will  become  turbid  on  boiling ;  since  these  salts  are  less 
|>loble  at  a  high  than  at  a  low  temperature, 

>  addition  of  nitric  or  other  mineral  acid  produces  at  first  odU 
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a  slight  darkening  of  the  color,  owing  to  the  action  of  the  acid  upon 
the  organic  coloring  matter  of  the  urine.  If  the  mixture,  however, 
be  allowed  to  stand  for  some  time,  the  urates  of  soda,  pota&sa*  &a, 
will  be  decomposed,  and  pure  uric  acid,  which  is  very  insoluble, 
will  be  deposited  in  a  crystalline  form  upon  the  sides  and  botiom 
of  the  glass  vessel.  The  crystals  of  uric  acid  have  most  frequently 
the  form  of  transparent  rhomboidal  platej3,  or  oval  laminae  with 
pointed  extremities.  They  are  usually  tinged  of  a  yellowish  hoe 
by  the  coloring  matter  of  the  urine  which  is  united  with  them 
at  the  time  of  their  deposit  They  are  frequently  arranged  in 
radiated  clusters,  or  small  spheroidal  masses,  so  as  to  present  tbe 

appearance  of  minute  calcu- 
^*^*  ^1^*  lous  concretions.     (Fig.  116.) 

The  crystals  vary  very  much 
in    size   and    regularity,  ac- 
cording to  the  time  occup 
in  their  formation. 

If  a  free  alkalii  mich 
potassa  or  soda^  be  added  to 
the  urine  so  as  to  netitraii 
its  acid  reaction,  it  beoomei^ 
immediately  turbid  from  i 
deposit  of  the  earthy  phos- 
phates, which  are  insoluble 
in  alkaline  fluids. 

The  addition  of  nitnite  of 
baryta,  chloride  of  barium 
or  subacetate  of  lead  to  healthy  urine,  produces  a  dense  precipi- 
tate, OAving  to  the  presence  of  the  alkaline  sulphates. 

Nitrate  of  silver  produces  a  precipitate  with  the  chlorides  of 
sodium  and  potassium. 

Subacetate  of  lead  and  nitrate  of  silver  precipitate  also  the 
ganiG  substances,  mucus  and  coloring  matter,  present  in  ihe 

All  the  above  reactions,  it  will  be  seen,  are  owing  to  the  presnoi 
of  the  natural  ingredients  of  the  urine,  and  do  not,  therefor^  indi- 
cate any  abnormal  condition  of  the  excretion. 

Beside  the  properties  mentioned  above,  the  urine  has  sevenJ 
others  which  are  of  some  importance,  and  which  have  not  bee» 
usually  noticed  in  previous  descriptions.  It  contains,  among  otbaf 
ingredients,  certain  organic  substances  which  have  the  power  of 
interfering  .with  the  mutual  reaction  of  starch  and  iodine^  and  even 
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of  decomposing  the  iodide  of  starch,  after  it  has  once  "been  formed. 
This  peculiar  action  of  the  urine  was  first  noticed  and  described 
b^T  us  in  1856.*  If  5j  of  iodine  water  be  mixed  with  a  solution 
^■(f  starchy  it  strikes  an  opaque  blue  color;  but  if  3j  of  fresh  urine 
^■e  afterward  added  to  .the  mixture,  the  color  is  entirely  destroyed 
^Ht  the  end  of  four  or  five  seconds.  If  fresh  urine  be  mixed  with 
^Bbur  or  five  times  its  volume  of  iodine  water,  and  starch  be 
^Subsequently  added,  no  union  takes  place  between  the  starch  and 
iodine,  and  no  blue  color  is  produced.  In  these  Instances,  the  iodine 
unites  with  the  animal  matters  of  the  urine  in  preference  to  com- 
J  bining  with  the  starch,  and  is  consequently  prevented  from  etrikiag 
^Hta  ordinary  blue  color  with  the  latter.  This  interference  occurs 
^Hrhether  the  urine  be  acid  or  alkaline  in  reaction.  In  all  cases  in 
Virhich  iodine  exi^sts  ia  the  urine,  as  for  example  where  it  ha^  been 
!  administered  as  a  medicine,  it  is  under  the  form  of  an  organic  com- 
'  bination ;  and  in  order  to  detect  its  presence  by  means  of  starch,  a 
few  drops  of  nitric  acid  must  be  added  at  the  same  time,  so  as  to 
lestroy  the  organic  matters,  after  which  the  blue  color  immediately 
pears,  if  iodine  be  present.  This  reaction  with  starch  and  iodine 
longs  also,  to  some  extent  to  most  of  the  other  animal  fluids,  as 
e  saliva,  gastric  and  pancreatic  juice?,  serum  of  the  blood,  &c. ; 
but  it  is  most  strongly  marked  in  the  urine. 

Another  remarkable  property  of  the  urine,  also  dependent  on  its 
organic  ingredients,  is  that  of  interfering  with  Trommer  s  test  for 
grape  sugar.     If  clarifled  honey  be  mixed  with  fresh  urine,  and  sul- 
phate of  copper  with  an  excess  of  potassa  be  afterward  added,  the 
^jiixture  takes  a  dingy,  grayish-blue  color.     On  boiUng,  the  color 
^■bmfi  yellowish  or  yellowish-brown,  but  the  suboxide  of  copper  is 
^^not  deposited.     In  order  to  remove  the  organic  matter  and  detect 
the  sugar,  the  urine  must  be  first  treated  with  an  excess  of  animal 

N charcoal  and  filtered.  By  this  naeans  the  organic  substances  are 
detained  upon  the  filter,  while  the  sugar  passes  through  in  solution, 
and  may  then  be  detected  as  usual  by  Trommer's  test. 

AccTOENTAL  Ingrediexts  OF  THE  Ukiite. — Since  the  urine,  in 

natural  state,  consists  of  materials  which  are  already  prepared  in 

be  blood,  and  which  merely  pass  out  through  the  kidneys  by  a 

ad  of  filtration,  it  is  not  surprising  that   most  medicinal  and 

"poisonous  substances,  introduced   into  the  circulation,  should  be 
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expelled  from  the  body  by  the  same  channel.  Those  gubetatioes 
which  tend  to  unite  strongly  with  the  animal  inatter^,  and  to  form 
with  them  insoluble  compounds,  such  as  the  preparations*  of  iroc, 
lead,  silver,  arsenic,  mercury,  &c-,  are  least  liable  to  appear  in  iht 
urine.  They  may  occasionally  be  detected  in  thi^  fluid  vvhtin  they 
have  been  given  in  large  doses,  but  when  administered  io  moiler^te 
quantity  are  not  usually  to  be  found  there.  Most  other  substanoea^ 
however,  accidentally  present  in  the  circulation,  paas  off  readily  by 
the  kidneys,  either  in  their  original  form^  or  after  undergoing  cer* 
tain  chemical  modifications. 

The  salts  of  the  organic  acids,  such  as  lactates,  acetates,  mal 
&c.»  of  soda  and  poiassa,  when  introduced  into  the  circulatii: 
replaced  by  tlie  carbonates  of  the  same  bases,  and  appear 
that  form  in  the  urine.     The  urine  accordingly  becomes  aU 
from  the  presence  of  the  carbonates,  whenever  the  above  salts  havcl 
been  taken  in  large  quantity,  or  after  the  ingestion  of  fruits  and  1 
vegetables  which  contain  them.    We  have  already  spoken  (Chap,  II.) 
of  the  experiments  of  Lehmann,  in  which  he  found  the  urine  exhi- 
biting an  alkaline  reaction,  a  very  few  minutes  alter  the  administni* 
tion  of  luctates  and  acetates.     In  one  instance,  by  experimenting  j 
upon  a  person  with  congenital  extroversion  of  the  bladder,  in  whom  [ 
the  orifices  of  the  ureters  were  exposed,'  he  found  that  the  urinfi 
became  alkaline  in  the  course  of  seven  minutes  after  the  ingestion 
of  half  an  ounce  of  acetate  of  potassa. 

The  pure  alkalies  and  their  carlmiatc^f  according  to  the  same  ob- 
server, produce  a  similar  effect.  Bicarbonate  of  potassa,  for  example^ 
admitustered  in  doses  of  two  or  three  drachms,  causes  the  urine 
to  become  neutral  in  from  thirty  to  forty -five  minutes,  and  alkaline 
m  the  course  of  an  hour.  It  is  in  this  way  that  certain  "anti-eal- 
culous''  or  ''anti-lithic'*  nostrums  operate,  when  given  with  u  nctt 
of  dissolving  concretions  in  the  bladder.  These  remedies,  whicb 
are  usually  strongly  alkaline,  pass  into  the  urine,  and  by  giving  it 
an  alkaline  reaction,  produce  a  precipitation  of  the  earthy  phos- 
phates. Such  a  precipitate,  however,  so  far  from  indicating  tW 
successful  disintegration  and  discharge  of  the  calculus^  can  only 
tend  to  increase  its  size  by  additional  deposit. 

FernKyanlik  of  pota^&ium,  wlien  introduced  into  the  circulatioo» 
appears  readily  in  the  urine.     Bernard*  observed  that  a  solution  cl  1 
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lis  salt,  after  being  injected  into  the  duct  of  the  submaxillary 
^laad,  coald  b6  detected  in  the  urine  at  the  end  of  twenty  minutes. 
Iodine,  in  all  its  combinations,  passes  out  by  the  same  channel, 
^e  have  found  that  after  the  administration  of  half  a  drachm  of 
ae  syrup  of  iodide  of  iron,  iodine  appears  in  the  urine  at  the  end 
l)f  thirty  minute^  and  continues  to  be  present  for  nearly  twenty- 
)ur  hours.  In  the  case  of  two  patients  who  bcid  been  taking  iodide 
[)f  potassium  freely^  one  of  them  for  two  months^  the  other  for  six 
ireeka,  the  urine  still  contained  iodine  at  the  end  of  three  days 
Bf  the  suspension  of  the  medicine.  In  three  days  and  a  half, 
^however,  it  was  no  longer  to  be  detected.  Iodine  appears  also, 
after  being  introduced  into  the  circulatioQ,  both  in  the  saliva  and 
the  perspiration, 

Qumine^  when  taken  as  a  remedy,  has  also  been  detected  in  the 
urine.  Ether  passes  out  of  the  circulation  in  the  same  way*  We 
have  observed  the  odor  of  this  substance  very  perceptibly  in  the 
^ urine,  after  it  had  been  inhaled  for  the  purpose  of  producing  anaes- 
lesia.  The  hih-pigment  passes  into  the  urine  in  great  abundance 
*1B  some  cases  of  jaundice*  so  that  the  urine  may  have  a  deep  yellow 
or  yellowish  brown  tinge,  and  may  even  stain  linen  clothes,  with 
which  it  comes  in  contact,  of  a  similar  i3olor.  The  saline  biliary 
substances,  viz.,  glyko-cholate  and  tauro-cholate  of  soda,  have  occa- 
iionally,  according  to  Lehman n,  been  also  found  in  the  urine.  In 
Ihese  instances  the  bilfery  matters  are  reabsorbed  from  the  hepatic 
ducts,  and  afterward  conveyed  by  the  blood  to  the  kidneys. 

Sugar. — When  sugar  exists  in  unnatural  quantity  in  the  blood, 
it  passes  out  with  the  urine.  We  have  repeatedly  found  that  if 
sugar  be  artificially  introduced  into  the  circulation  in  rabbits,  or 
injected  into  the  subcutaneous  areolar  tissue  so  as  to  be  absorbed  by 
the  blood,  it  is  soon  discharged  by  the  kidneys.  It  has  been  shown 
by  Bernard'  that  the  rapidity  with  which  this  substance  appears  in 
the  urine  under  these  circumstances  varies  with  the  quantity  in- 
cted  and  the  kind  of  sugar  used  for  the  experiment.  If  a  solution 
15  grains  of  glucose  be  injected  into  the  areolar  tissue  of  a  rabbit 
retghiDg  a  little  over  two  pounds,  it  is  entirely  destroyed  in  the 
uirculation,  and  does  not  pass  out  wdth  the  urine.  A  dose  of  23 
rains,  however,  injected  in  the  same  way,  appears  in  the  urine  at 
lie  end  of  two  hours^  30  grains  in  an  hour  and  a  half,  38  grains  in 
"an  hour,  and  188  grains  in  fifteen  minutes*    Again,  the  kind  of 
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sugar  used  makes  a  difference  iu  ttis  respect.  For  while  15  gnuns 
of  glucose  may  be  injected  without  passing  out  by  the  kidneys, 
7  J  grains  of  cane  sugar,  introduced  in  the  same  way,  fail  to  be  com- 
pletely destroyed  in  the  circulation,  and  may  be  detected  in  the 
nrine.  In  certain  forms  of  disease  (diabetes),  whera  sugar  accu* 
mulates  in  the  blood,  it  is  eliminated  by  the  same  channel ;  and  a 
sacchiirine  condition  of  the  urine,  accompanied  by  an  increase  in 
its  quantity  and  specific  gravity,  constitutes  the  most  cliaracteriisuc 
feature  of  the  disease. 

Finally,  albumen  sometimes  shows  itself  in  the  urine  in  conss- 
quence  of  various  morbid  conditions.  Most  acuta  inflammatioiL& 
of  the  internal  organs,  as  pneumonia,  pleurisy,  &c.,  are  liable  to  be 
accompanied,  at  their  outset,  by  a  congestion  of  the  kidneys,  whicli 
produces  a  temporary  exudation  of  the  albuminous,  elements  of  ibe 
blood.  Albumen  has  been  found  in  the  urine,  according  to  Simoii, 
Becquerel,  and  others,  in  pericarditis,  pneumonia,  pleurisy,  bron- 
chitis, hepatitis,  inflammation  of  the  braiu,  peritonitis,  metritisv  4c. 
We  have  observed  i^  as  a  temporary  condition,  in  pneamonia  and 
after  amputation  of  the  thigh.  Albuminous  urine  also  occurs  fie- 
quently  in  pregnant  women,  and  in  those  affected  with  abdomiiul 
tumors,  where  the  presijure  upon  the  renal  veins  is  sufficient  to 
produce  passive  congestion  of  the  kidneys.  When  the  renal  con- 
gestion is  spontaneous  in  its  origin,  and  goes  on  to  produce  actual 
degeneration  of  the  tissue  of  the  kidneys,  asnn  Bright's  disease^  tie 
same  symptom  occurs,  and  remains  as  a  permanent  condition.  In 
all  such  instances,  however,  as  the  above,  where  foreign  ingredients 
exist  in  the  urine,  these  substances  do  not  originate  in  the  kiduejs 
themselves,  but  are  derived  from  the  blood,  in  the  same  manner  as 
the  natural  ingredients  of  the  excretion. 

Changes  in  the  Urine  during  Decomposition. — When  the 
urine  is  allowed  to  remain  exposed,  after  its  discharge,  at  ortiinarjr 
teraperatnres,  it  becomes  decomposed,  after  a  time,  like  any  other 
animal  fluid;  and  this  decomposition  is  characterized  by  certaiia 
changes  which  take  place  in  a  regular  order  of  succession,  as  fol- 
lows : — 

After  a  few  hours  of  repose,  the  mucus  of  the  urine,  as  we  baTe 
mentioned  above,  collects  near  the  bottom  of  the  vessel  as  a  lights 
nearly  transparent,  cloudy  layer.  This  mucus,  being  an  orgimio 
substance,  is  liable  to  putrefaction;  and  if  the  temperature  tawhici 
it  is  exposed  be  between  60*^  and  100**  F,,  it  soon  becaxibes  alteiod^ 
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and  communicates  these  alterations  more  or  less  rapidly  to  tbe  super- 
luatant  fluid*     Tbe  first  of  these  changes  is  called  the  acidfermenta' 
[lum  of  the  urine.   It  consists  in  the  production  of  a  free  acid,  usually 
llactic  acid,  from  some  of  the  undetermined  animal  matters  con- 
Itained  in  the  excretion.     This  fermentation  takes  place  very  early ; 
livitbia  the  first  twelve,  twenty4bur,  or  forty-eight  huurs,  according 
the  elevation  of  the  surrounding  temperature*     Perfectly  fresh 
k Urine,  as  we   have  already  stated,  contains  no  free  acid,  its  acid 
reaction  with  test  paper  being  dependent  entirely  on  the  presence 
of  biphosphate  of  soda.     Lactic  acid  nevertheless  has  been  so  fre- 
quently found   in  nearly  fresh  urine   as  to   lead  some  eminent 
chemists  (Berzelius,  Lehmano)  to  regard  it  as  a  natural  constituent; 
of  tbe  excretion.     It  has  been  subsequenlly  found,  however,  that 
urine,  though  entirely  free  from  lactic  acid  when  first  passed,  may 
^frequently  present  traces  of  this  substance  after  some  hours'  expo- 
sure to  the  air.     T!ie  lactic  acid  is  undoubtedly  formed,  in  these 
I  ^case^  by  the  decomposition  of  some  animal  substance  contained  in 
t'ibe  urine.     Its  production  in  this  way,  thoagh  not  constant,  seems 
be  sutBciently  frequent  to  be  regarded  as  a  normal  process. 
consequence  of  the  presence  of  this  acid,  the  urates  are  par- 
tially decomposed ;  and  a  crystalline  deposit  of  free  uric  acid  slowly 
Itakes  place,  in  the  same  manner  as  if  a  little  nitric  or  muriatic  acid 
lad  been  artificially  mixed  with  the  urine.     It  is  for  this  reason 
iUiit  urine  which  is  abundant  in  the  urates  frequently  shows  a  de- 
[posit  of  crystallized  uric  acid  some  hours  after  it  has  been  passed, 
though  it  may  have  been  perfectly  free  from  deposit  at  the  time 
of  its  emission. 

During  the  period  of  the  '^  acid  fermentation,"  there  is  reason  to 

believe  that  oxalic  acid  is  also  sometimes  produced,  in  a  similar 

manner  with  the  lactic.    It  is  very  certain  that  the  deposit  of  oxa- 

ita  of  lime,  far  from  being  a  dangerous  or  even  morbid  symptom, 

as  it  was  at  one  time  regarded,  is  frequently  present  in  perfectly 

normal  urine  after  a  day  or  two  of  ex|x>8ure  to  the  atmosphere. 

We  have  often  observed  it,  under  these  circumstances,  when  no 

morbid  symptom  could  be  detected  in  connection  either  with  the 

kidileys  or  with  any  other  bodily  organ.     No\v,  whenever  oxalic 

Lucid  ifl  formed  in  the  urine,  it  must  necessarily  be  deposited  under 

Itbe  form  of  oxalate  of  lirne;  since  this  salt  is  entirely  insoluble 

iboth  m  water  and  in  the  urine,  even  when  heated  to  the  boiling 

[point     It  is  difficult  to  understand,  therefore,  when  oxalate  of  lime 

lis  found  as  a  deposit  in  the  urine,  how  it  can  previously  have  been 
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held  in  solution.  It^  oxalic  acid  is  in  all  probability  gradu 
formed,  as  we  have  said,  in  the  urine  itself;  uniting,  as  fast  as  it  ia 
produced,  with  the  lime  previously  in  solution,  and  thus  appearing 
as  a  crystalline  deposit  of  oxalate  of  lime.  It  is  much  more  probable 
that  this  is  the  true  explanation,  sincef  in  the  cases  to  which  we 
allude,  the  crystals  of  oxalate  of  lime  grow,  as  it  were,  in  the  cloud 
of  mucus  which  collects  at  the  bottom  of  the  vessel,  while  the 
supernatant  fluid  remains  clear.    These  crystals  are  of  minute  sizev 

transparent,    and     colorlesa^ 
F*g- 11'-  and  have  the  form  of  regular 

octohedra,  or  double  quad- 
rangular  pyramids,  united 
base  to  base.  (Fig.  117.)  They 
make  their  appearanee  usu- 
ally about  the  commence- 
ment of  the  second  day,  the 
urine  at  the  same  time  con- 
tinuing clear  and  retaining 
its  acid  reaction.  This  depo 
sit  is  of  frequent  occurrence 
when  no  substance  contain- 
ing oxaUc  acid  or  oxalates 
has  been  taken  with  the  food. 

At  the  end  of  some  di 
the  changes  above  descril 
come  to  an  end,  and  are  succeeded  by  a  different  process  Icnown 
the  alkaline  fernieniation.  This  consists  essentially  in  the  deconj 
position  or  metamorphosis  of  urea  into  carbonate  of  ammonia. 
As  the  alteration  of  the  mucus  advances,  it  loses  the  power  of  pro* 
ducing  lactic  and  oxalic  acids,  and  becomes  a  ferment  capable  of 
acting  by  catalysis  upon  the  urea,  and  of  exciting  its  decompositi^ 
as  above.  We  have  already  mentioned  that  urea  may  be  convei 
into  carbonate  of  ammonia  by  prolonged  boiling  or  by  contact 
with  decomposing  animal  substances.  In  this  conversion,  the  urea 
unites  ^nth  the  elements  of  two  equivalents  of  water ;  and  conse- 
quently it  is  not  susceptible  of  the  transformation  when  in  a'  dry 
state,  but  only  when  in  solution  or  supplied  with  a  sufficient  quan- 
tity of  moisture.  The  presence  of  mucus,  in  a  state  of  incipient 
decomposition,  is  also  necessary,  to  act  the  part  of  a  catalytic 
body.  Consequently  if  the  urine,  when  first  discharged,  be  passed 
through  a  succession  of  close  filters,  so  as  to  separate  its  mucus,  it 
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may  be  afterward  kept,  for  an  indefinite  time,  without  alteration. 
But  uuder  ordinary  circumstances,  the  mucus,  as  soon  as  its  putre- 
Action  has  commenced,  excites  the  decomposition  of  the  urea,  and 
Cftrbonate  of  ammonia  begins  to  be  developed. 

The  first  portions  of  the  ammoniacal  salt  thus  produced  neutralize 
i  corresponding  quantity  of  the  hiphosphate  of  soda,  so  that  the  acid 
reaction  of  the  urine  dim  inishes  in  intensity.  This  reaction  gradually 
becomes  weaker,  as  the  fermentation  proceeds,  until  it  at  last  disap- 
pears altogether,  and  the  urine  becomes  neutrah     The  production 
of  carbonate  of  ammonia  still  continuing,  the  reaction  of  the  fiuid 
then  becomes  alkaline,  and  its  alkalescence  grows  more  strongly 
pronounced  with  the  constant  accumulation  of  the  ammoniacal  salt. 
The  rapidity  with  which  this  alteration  proceeds  depends  on  the 
character  of  the  urine,  the  quantity  and  quality  of  the  mucus  which 
it  contains,  and  the  elevation  of  the  surrounding  temperature.     The 
urine  passed  early  in  the  forenoon,  which  is  often  neutral  at  the 
time  of  its  discharge^  will  of  course  become  alkaline  more  readily 
than  that  which  has  at  first  a  strongly  acid  reaction.     In  the  summer, 
urine  will  become  alkaline,  if  freely  exposed,  on  the  third,  fourth, 
dT  fifth  day ;  while  in  the  winter,  a  specimen  kept  in  a  cool  place 
may  still  be  neutral  at  the  end  of  fifteen  days.     In  cases  of  paralysis 
€>f  the  bladder,  on  the  other  hand,  accompanied  with  cystitis,  where 
the  mucus  is  increased  in  quantity  and  altered  in  quality,  and  the 
-urine  is  retained  in  the  bladder  for  ten  or  twelve  hours  at  the  tem- 
perature of  the  body,  the  change  may  go  on  much  more  rapidly,  so 
that  the  urine  may  be  distinctly  alkaline  and  ammoniacal  at  the 
time  of  its  discharge.     In  these  cases,  however,  it  is  really  acid 
when  first  secreted  by  the  kidneys,  and  becomes  alkaline  while 
retained  in  the  interior  of  the  bladder. 

The  first  efiect  of  the  alkaline  condition  of  the  urine,  thus  pro- 
duced, is  the  precipitation  of  the  earthy  phosphates.  These  salts, 
being  insoluble  in  neutral  and  alkaline  fluids,  begin  to  precipitate  as 
soon  as  the  natural  acid  reaction  of  the  urine  has  fairly  disappeared, 
and  thus  produce  in  the  fluid  a  whitish  turbidity.  This  precipitate 
slowly  settles  upon  the  sides  and  bottom  of  the  vessel,  or  is  partly 
entangled  with  certain  animal  matters  which  rise  to  the  surface  and 
form  a  thin,  opaline  scum  upon  the  urine.  There  are  no  crystals 
to  be  seen  at  this  time,  but  the  deposit  is  entirely  amorphous  and 
granular  in  character. 

The  next  change  consists  in  the  production  of  two  new  double 
Baits  by  the  action  of  carbonate  of  ammonia  on  the  phosphates  of 
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eoda  and  magnesia.  One  of  these  is  tlie  "triple  pliosphate,"  pho#« 
pbate  of  magnesia  and  ammonia  (2MgO,NH,0,PO,4-2HO).  The 
other  IS  tbe  phosphate  of  soda  and  ammonia  (NaO,NH^O,nO,P0,+ 
8 HO).  The  phoephate  of  magnesia  and  ammonia  is  formed  frum 
the  phosphate  of  magnesia  in  the  urine  (3MgO»PO^  +  7HO)  bj, 
the  replacement  of  one  equivalent  of  magnesia  hy  one  of  am* 
monia.  The  crystals  of  this  salt  are  very  elegant  and  charao* 
teristic*  They  show  themselves  throughout  all  parts  of  the  mix- 
ture ;  growing  gradually  in  the  mucus  at  thB  bottom,  adhering  to 

the  sides  of  the  glass,  and 
'_  scattered    abundantly    over 

the  film  which  collects  upoa 
the  surface.  By  their  refract- 
ive power,  they  give  to  this 
film  a  peculiar  glisteniag 
and  iridescent  appearance, 
which  is  ne-arly  always  via- 
ble at  the  end  of  six  or  seven 
days.  The  crystals  are  per- 
fectly colorless  and  traosp*- 
rent,  and  have  the  form  of 
triangular  prisms,  generaUy 
with  bevelled  extremities 
(Fig.  118.)  Frequently,  also 
their  edges  and  angles  ii« 
replaced  by  secondary  hcets. 
They  are  insoluble  in  alkalies,  but  are  easily  dissolved  by  acida» 
even  in  a  very  dilute  form.  At  first  they  are  of  minute  size,  bttt 
gradually  increase,  so  that  after  seven  or  eight  days  they  may 
become  visible  to  the  naked  eye. 

The  phosphate  of  soda  and  ammonia  is  formed,  in  a  simikr  ! 
manner  to  the  above,  by  the  union  of  ammonia  with  the  pho^hits  j 
of  soda  previously  existing  in  the  urine.  Its  crystals  resembbj 
very  much  those  just  described,  except  that  their  prisms  are  rf  I 
quadrangular  form,  or  some  figure  derived  from  it.  They  aro  ^ 
intermingled  with  the  preceding  in  the  putretying  urine,  aiid  aM 
alfectcd  in  a  similar  way  by  chemical  reagents. 

As  the  putrefaction  of  the  urine  continues,  the  carbonate  of  m 
monia  which  is  produced,  after  saturating  all  the  other  ingradhfili 
with  which  it  is  capable  of  entering  into  combination,  begiM  to 
be  given  off  in  a  free  form.     The  urine  then  acquires  a  stisnig 
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odor ;  and  a  piece  of  moistened  test  paper,  held  a  little 
"above  its  surface,  ^vill  have  its  color  immediately  turned  by  the  ^ 
alkaline  gas  escaping  from  the  fluid.  This  is  the  source  of  the 
ammooiacal  vapor  which  is  so  freely  given  oft*  from  stables  and  from 
dung  heapSi  or  wherever  urine  is  allowed  to  remain  and  decompose. 
This  process  continues  until  all  the  urea  has  been  destroyed^  and 
until  the  products  of  its  decomposition  have  either  united  with 
other  substances,  or  have  finally  escaped  in  a  gaseous  form. 


Eenovation  of  the  Body  by  the  Nutritive  Process. — We 
can  now  estimate,  from  the  foregoing  details,  the  entire  quantity  of 
material  assimilated  and  decomposed  by  the  living  body.  For  we 
have  alread}^  seen  how  much  food  is  taken  into  the  alimentary  canal 

eand  absorbed  by  the  blood  after  digestion,  and  how  much  oxygen 
is  appropriated  from  the  atmosphere  in  the  process  of  respiration. 
'We  have  also  learned  the  amount  of  carbonic  acid  evolved  with  the 
breath,  and  that  of  the  various  excretory  substances  discharged  from 
the  body.  The  following  table  shows  the  absolute  quantity  of  these 
different  ingredients  of  the  ingesta  and  egesta,  compiled  from  the 
results  of  direct  experiment  which  have  already  been  given  in  the 
foregoing  pages. 

Afisoa&ED  Dimiso  24  hofba. 
Oxygen     *         .         .     1.019  lb«* 
Water 

Albuminooa  matter 
Staroli 
FAt  . 
SalU 


DtK^HAROKD  Dmixa 

U  DOFBS. 

Carbonic  acid  . 

1.535  lb« 

Aqueaiis  vapor 

iafi5   " 

Perspiration     • 

1.930    « 

Water  i>f  tlin  urine  . 

2.020    " 

Urea  and  tialt^ 

.110    ** 

Feces      • 

.320    " 

7*070 


7.070 


Rather  more  than  seven  pounds,  therefore,  are  absorbed  and  dis- 

[jbarged  daily  by  the  healthy  adult  human  subject ;  and,  for  a  man 

nng  the  average  weight  of  140  pounds,  a  quantity  of  material, 

il  to  the  weight  of  the  entire  body^  thus  passes  through  the 

ftstem  in  the  course  of  twenty  days. 

It  is  evident,  also,  that  this  is  not  a  simple  phenomenon  of  the 
age,  or  filtration,  of  foreign  substances  through  the  animal 
The  materials  which  are  absorbed  actually  combine  with 


rame. 


Ihe  tissues,  and  form  a  part  of  their  substance ;  and  it  is  only  after 
tindergoing  subsequent  decomposition,  that  they  finally  make  their 
ippearance  in  the  excretions.    None  of  the  solid  ingredients  o^ 
are  discharged  under  their  own  form  in  the  urin©|  1 
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starch,  fat,  or  albumen ;  but  they  are  replaced  by  urea  and  oth 
crystallizable  substances,  of  a  different  nature.  •  Even  the  carbon 
acid  exhaled  by  the  breath,  as  experience  has  taught  us,  is  d 
produced  by  a  direct  oxidation  of  carbon ;  but  originates  by  a  p^^r^^>. 
cess  of  decomposition,  throughout  the  tissues  of  the  body,  somewh:^  xat 
similar  to  that  by  which  it  is  generated  in  the  decomposition       <:^f 
sugar  by  fermentation.     These  phenomena,  therefore,  indicate     ^m,ji 
actual  change  in  the  substance  of  which  the  body  is  composed,  a.'ri  <J 
show  that  its  entire  ingredients  are  incessantly  renewed  under  tJzM^e 
influence  of  the  vital  operations. 


SECTION  II. 
NERYOUS    SYSTEM. 


CHAPTER    I. 


QENERAL    STRUCTURE   AND   FUNCTIONS    OP   THE 
NERVOUS    SYSTEM. 

In  entering  upon  the  stndy  of  the  nervous  system,  we  commence 
%he  examination  of  an  entirely  different  order  of  phenomena  from 
those  which  have  thus  far  engaged  our  attention.  Hitherto  we 
lave  studied  the  physical  and  chemical  actions  taking  place  in  the 
T)ody  and  constituting  together  the  process  of  nutrition.  We  have 
«een  how  the  lungs  absorb  and  exhale  diiFerent  gases;  how  the 
stomach  dissolves  the  food  introduced  into  it,  and  how  the  tissues 
produce  and  destroy  different  substances  by  virtue  of  the  varied 
transformations  which  take  place  in  their  interior.  In  all  these 
instances,  we  have  found  each  organ  and  each  tissue  possessing 
certain  properties  and  performing  certain  functions,  of  a  physical 
or  chemical  nature,  which  belong  exclusively  to  it,  and  are  charac- 
teristic of  its  action. 

The  functions  of  the  nervous  system,  however,  are  neither  phy. 
sical  nor  chemical  in  their  nature.  They  do  not  correspond,  in 
their  mode  of  operation,  with  any  known  phenomena  belonging  to 
these  two  orders.  The  nervous  system,  on  the  contrary,  acts  only 
upon  other  organs,  in  some  unexplained  manner,  so  as  to  excite  or 
modify  the  functions  peculiar  to  them.  It  is  not  therefore  an  appa- 
ratus which  acts  for  itself,  but  is  intended  entirely  for  the  purpose 
of  influencing,  in  an  indirect  manner,  the  action  of  other  organs. 
Its  object  is  to  connect  and  associate  the  functions  of  different 
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parts  of  tlie  body,  and  to  cause  them  to  act  io  harmony  with  \ 


other. 


object 


be 


iplified 


more  tuilj  exempJifiea  as  follows  :^ — 
Each  organ  and  tissue  in  the  body  has  certain  properties  peculiar 
to  it,  which  may  be  called  into  activity  by  the  operation  of  a  stimu- 
lus or  exciting  cause.  This  capacity,  which  all  the  organs  possess^ 
of  reacting  under  the  influence  of  a  stimulus,  is  called  their  excitdi- 
bility^  or  irriiability.  We  have  often  had  occasion  to  notice  this  pro- 
perty of  irritability,  in  experiments  related  in  the  foregoing  pages. 
We  have  seen,  for  example,  that  if  the  heart  of  a  frog,  after  being 
removed  from  the  body,  be  touched  with  the  point  of  a  needle*  il 
immediately  contracts,  and  repeats  the  movement  of  an  ordinary 
pulsation.  If  the  leg  of  a  frog  be  separated  from  the  thigh,  its 
integument  removed,  and  the  poles  of  a  galvanic  battery  brought 
in  contact  with  the  exposed  surface  of  the  muscles,  a  \'iolent  con- 
traction takes  place  every  time  the  electric  circuit  is  completed. 
In  this  instance^  the  stimulus  to  the  muscles  is  supplied  bj-  tlie 
electric  discharge,  as,  in  the  case  of  the  heart  above  mentioned,  it  is 
supplied  by  the  contact  of  the  steel  needle ;  and  in  both,  a  muscu- 
lar contraction  is  the  immediate  consequence.  If  we  introduce  i 
metallic  catheter  into  the  empty  stomach  of  a  dog*through  a  gastrio 
fistula,  and  gently  irritate  with  it  the  mucous  membrane,  a  secretion 
of  gastric  juice  at  once  begins  to  take  place;  and  if  food  be  intro 
duced  the  fluid  is  poured  out  in  still  greater  abundance.  We  know 
also  that  if  the  integument  be  exposed  to  contact  with  a  heated 
body,  or  to  friction  with  an  irritating  liquid,  an  excitement  of  tlio 
circulation  is  at  once  produced,  which  again  passes  away  after  ihc 
removal  of  the  irritating  cause. 

In  all  these  instances  we  find  that  the  organ  which  is  called  into 
activity  is  excited  by  the  direct  application  of  some  stimulus  to  rU 
own  tissues.  But  this  is  not  usually  the  manner  in  which  the  dif- 
ferent functions  are  excited  during  life.  The  stimulus  which  calb 
into  action  the  organs  of  the  living  body  is  usually  not  direct,  hot 
indirect  in  its  operation.  Very  often,  two  organs  which  are  sita- 
ated  in  distant  parts  of  the  body  are  connected  with  each  other  by 
such  a  sympathy,  that  the  activity  of  one  is  influenced  by  lli« 
condition  of  the  other.  The  muscles,  for  example,  are  almo^^t  OfiVflf 
called  into  action  by  an  external  stimulus  operating  directly  «poB 
their  own  fibres,  but  by  one  which  is  applied  to  some  ^  -  '  -iH 

either  adjacent  or  remote.     Thus  the  peristaltic  action  *  i*- 

cular  coat  of  the  intestine  commences  when  the  food  is  brou^Bl  m 
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ntact  with  its  mucous  membrane.   The  lachrymal  gland  is  excited 

to  increased  activity  by  anything  which  caases  irritation  of  the 

njunctiva.     In  all  such  instances,  the  physiological  connection 

itween  two  diflcrent  organs  is  established  through  the  medium  of 

nervous  system. 
The  function  of  the  nervous  system  may  therefore  be  defined,  in 
the  simplest  terms,  as  follows:  It  is  tntewkd  to  associate  the  dlfft^rtut 
farts  of  the  body  in  such  a  manner,  that  stimulus  applied  to  one  organ 
may  exrite  the  activity  of  another. 

The  instances  of  this  mode  of  action  are  exceedingly  numerous* 
^  Thus,  the  light  which  falls  upon  the  retina  produces  a  contraction 
^Hpf  the  pupil.  The  presence  of  food  in  the  stomach  causes  the  gall- 
^■bladder  to  discharge  its  contents  into  the  duodenum.  The  expul- 
^^ive  efforts  of  coughing,  by  the  thoracic  and  abdominal  muscles, 
'     ^are  excited  by  a  foreign  body  entangled  in  the  glottis. 

It  is  easy  to  understand  the  great  importance  of  this,  function, 
particularly  in  the  higher  animals  and  in  man^  whose  organiza- 
tion is  a  complicated  one.  For  the  different  organs  of  the  body, 
bnn  order  to  preserve  the  integrity  of  the  whole  frame,  must  not 
^Hmly  act  and  perform  their  functions,  but  they  must  act  in  har- 
mony ynih  each  other,  and  at  the  right  time,  and  in  the  right 
direction.  The  functions  of  circulation,  of  respiration,  and  of 
digestion,  are  so  mutually  dependent,  that  if  their  actions  do  not 
ke  place  harmoniously,  and  in  proper  order,  a  serious  disturb- 
nee  must  inevitably  follow.  When  the  muscular  system  is  ex- 
cited by  unusual  exertion,  the  circulation  is  also  quickened.  The 
blood  arrives  more  rapidly  at  the  heart,  and  is  sent  in  greater 
quantity  to  the  lungs.  If  the  movement*?  of  respiration  were  not 
lerated  at  the  same  time,  through  the  connections  of  the  nerv- 
lua  system,  there  would  immediately  follow  deficiency  of  aeration, 
ascular  congestion,  and  derangement  of  the  circulation.  If  the 
s  were  not  stimulated  to  contract  by  the  infiaence  of  the  light 
ling  on  the  retina,  the  delicate  expansion  of  the  optic  nerve 
ould  bo  dazzled  by  any  unusual  brilliancy,  and  vision  would  be 
►bscured  or  confused.  In  all  the  higher  animals,  therefore,  where 
e  different  functions  of  the  body  are  performed  by  distinct  organs, 
ituated  in  different  part?  of  the  frame,  it  is  necessary  that  their 
ion  should  be  thus  regulated  and  harmonized  by  the  operation 
of  the  nervous  system. 
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The  manner  in  which  thia  is  accomplished  is  as  follows : — 

The  nervous  system,  however  simple  or  however  compUcai 
may  be,  consists  always  of  two  difterent  kinds  of  tissue,  which  are 
distinguished  from  each  other  by  their  color,  their  stracture^  aad 
tlieir  mode  of  action.  One  of  these  is  known  as  the  while  subsUmce^ 
or  the  Jlhrous  tmue.  It  constitutes  the  whole  of  the  substance  of 
the  nervous  trunks  and  branches,  and  is  found  in  large  quantity  on 
the  exterior  of  the  spinal  cord,  and  in  the  central  parts  of  the  bn&in 
and  cerebellum.  In  the  latter  situations,  it  is  of  a  sofk  eoD&i&teney, 
like  curdled  cream,  and  of  a  uaiforra,  opaque  white  color.  la 
the  trunks  and  branches  of  the  nerves  it  has  the  same  opaqtie 
white  color,  but  is  at  the  same  time  of  a  firmer  consistency,  owing 
to  its  being  mingled  with  condensed  areolar  tissue.  Examined  by 
the  microscope,  the  white  substance  is  seen  to  be  composed  every* 
where  of  minute  fibres  or  filaments^  the  **  ultimate  nervous  fila- 
ments," running  in  a  direction  very  nearly  parallel  with  each  other. 
These  filaments  are  cylindrical  in  shape,  and  vary  considerably  ia 
size.  Those  which  are  met  with  in  the  spinal  cord  and  the  braia 
are  the  smallest,  and  have  an  average  diameter  of  y^jj^^  of  an 
inch*  In  the  trunks  and  branches  of  the  nerves  they  average  j 
of  an  inch. 

The  structure  of  the  ultimate  nervous  filament  is  as  follow? 
The  exterior  of  each  filament  consists  of  a  colorless,  transparent 
tubular  membrane,  which  is  seen  with  some  diflSculty  in  the  natural 
condition  of  the  fibre,  owing  to  the  extreme  delicacy  of  its  teirturev 
and  to  its  cavity  being   completely  filled  with  a  substance  rtrj 
similar  to  it  in  refractive  power.     In  the  interior  of  this  tnbithr 
membrane   there  is  contained  a  thick^  semi-fluid  nervons  tDflUefv 
which  is  white  and  glistening  by  reflected  light,  and  is  called 
the    "white   substance  of  Schwann.''     Finally,  running   loDgiia> 
dinally  through  the  central  part  of  each  filament^  is  a  nanoff 
ribbon-shaped   cord,  of  rather  firm   consistency,  and  of  a  semi' 
transparent  grayish  aspect.     This   central    portion   is  called  tte 
"axis  cylinder."     It  is  enveloped  everywhere  by  the  semi-thiit 
white  substance,  and  the  whole  invested  by  the  external  tubulir 
membrane. 

When  nervous  matter  fs  prepared  for  the  microsoopd  and  ea- 
mined  by  tran.smitted  light,  two  remarkable  appearances  arc  ot 
served  in  its  filaments,  produced  by  the  contact  of  tbreii^'^  ^' -^ 
stances.     In  the  first  place  the  unequal  pressure,  to  which  : 
ments  are  accidentally  subjected  in  the  process  of  diaseotioD  ifti 
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preparation,  produces  an  irregularly  bulging  or  varicose  appearance 
in  them  at  various  points,  owing  to  the  readiness  with  which  the 
seini-flaid  white  substance  in  their  interior  is  displaced  in  different 
directions,  (Fig.  119.)  Sometimes  spots  may  be  seen  hero  and 
there,  where  the  nervous  matter  has  been  entirely  pressed  apart  in 
the  centre  of  a  filament,  so 
that  there  appears  to  be  an 
entire  break  in  its  continuity, 
while  the  investing  mem- 
brane may  be  still  seen,  j>ass- 
ing  across  from  one  portion 
to  the  other.  When  a  nerv- 
ous filament  is  torn  across 
under  the  microscope  and 
subjected  to  pressure,  a  cer- 
tain quantity  of  the  semi- 
fluid white  substance  is 
pressed  out  from  its  torn 
extremity,  and  may  be  en- 
tirely separated  from  it,  so 
as  to  present  itself  under  the      NEBvors  Fit^MEFTs  from  whtt«  noiisunri  «^ 

,  .     .     braiii,— ^»,  o,  flL  Soft  Hub»m nee  of  tbo  fllaiDODU  preu«d 

form  of  irregularly  rounded   out,  mud  flMti&g  lu  imfniariy  ruiiod«d  urup*. 
drops  of  various  sizes  (a,  a, 

a\  scattered  over  the  field  of  the  microscope.  The  varicose  appear- 
ance above  alluded  to  is  more  frequently  seen  in  the  smaller  nerv- 
ous filaments  fr6m  the  brain  and  spinal  corrl,  owing  to  their  soft 
consistency  and  the  readiness  with  which  they  yield  to  pressure. 

The  second  effect  produced  by  the  artificial  preparation  of  the 
nervous  matter  is  a  partial  coagulation  of  the  white  substmce  of 
Schwann.  In  its  natural  condition  this  substance  has  the  same 
consistency  throughout,  and  appears  perfectly  transparent  and 
homogeneous  by  transmitted  light.  As  soon,  however,  as  the  nerv- 
^^(is  filament  is  removed  from  its  natural  situation,  and  brought  in 
^B^tact  with  air,  watery  or  other  unnatural  fluids,  the  soft  substance 
^"^^nediately  under  the  investing  membrane  begins  to  coagulate. 
^*  increases  in  consistency,  and  at  the  same  time  becomes  more 
^^S'lily  refractive;  so  that  it  presents  on  each  side,  immediately 
^^^«meath  the  investing  membrane,  a  thin  layer  of  a  peculiar 
SlL^^ning  aspect.  (Fig.  120.)  At  first,  this  change  takes  place 
oui^*  in  the  outer  portions  of  the  white  substance  of  Schwann. 
^^^  coagulating   process,   however,   subsequently   goes  on,   and 
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gradually  advances  from  the  edges  of  the  filament  toward  ils 
centre,  until  its  entire  thickness  after  a  time  presents  the  mm 
appearance.  The  effect  of  this  process  can  also  be  seen  in  those 
portions  of  the  white  substance  which  have  been  pressed  out  from 
the  interior  of  the  filaments,  and  which  float  about  in  the  form  of 

drops.   (Fig.  119,  a.)    Thcsi 
^'K-  ^^*  drops   are   always   coverod 

with  a  layer  of  ooagnlated 
material  which  is  thicket 
and  more  opaque  in  propof* 
tion  to  the  length  of  time 
which  has  elapsed  since  the 
commencement  of  the  alter* 
ation. 

The  nervous  filamcali 
have  essentially  the  saoK 
structure  in  the  brain  aad 
spinal  cord  as  in  the  nenrom 

k        ^'''''"'v.^^ln^^^^         ^J^  trunks  and  branches;  only 

^"^^       ^-^--"^  l\^Qy  are   of   much   amaller 

size  in  the  former  than  in 
the  latter  situation.  In  the 
nervous  trunks  and  branches 
however,  outside  the  craiuit 
and  spinal  cavities^  there 
exists,  superadded  to  the 
nervous  iHaments  and  interwoven  with  them,  a  large  amount  of 
cundeused  areolar  or  fibrous  tissue,  which  protects  them  from 
injury,  and  gives  to  this  portion  of  the  nervous  system  a  peculitf 
density  and  resistance.  This  difterence  in  consistency  becwt^en  ifce 
white  substance  of  the  nerves  and  that  of  the  brain  and  spinal  oopl 
is  owing,  therefore*  exclusively  to  the  presence  of  ordinary  fibroins 
tissue  in  the  nerves,  while  it  is  wanting  in  the  brain  and  epiflil 
cord.  The  consistency  of  the  nervous  filaments  themselves  k  the 
same  in  each  situation. 

The  nervous  filaments  are  arranged,  in  the  nervous  trunks  airi 
branches,  in  a  direction  nearly  parallel  with  each  other,  A  etrt-iu: 
number  of  them  are  collected  in  the  form  of  a  bundle^  w^i  li  i* 
invested  with  a  layer  of  fibrous  tissue,  in  which  run  the  --iiu^i 
bloodvessels,  destined  for  the  nutrition  of  the  nerve,  ''^^ 
mary  bundles  are  again  united  into  secondary,  the  sec<. 


ffBRTOPf  Fii.AMit^T«^Qms«lfttlea«cv«,fihowliiff 
ib«tr  cttBttuUHitQ.  —  At  a,  the*  torn  fiXtrentlty  ot  ft 
tii^rTOU*  flluuirnt  Mrllh  (hf  nxl*  cjllnder  (^i^li  |iri>irud|Qf^ 
from  It.  At  **.  Hirt  white  Mtibiuiice  of  Schwftan  S«  nearly 
•e|)4hmt«'4l  by  Accldlti'nUl  eompreiicfoiit  but  Uir<  Axln^ 
eyUtid^ir  inn*!*-*  acroaa  the  r«pturc<d  poitl<inu  Th«  got- 
line  of  tho  tiibt>rar  iiH!tiilm.D«  t«  al«o  feeea  &t  c  on  the 
4ial«ltle  v(  the  u^rvMu*  flljuaeui. 
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tertiary,  &c.    A  nerve,  therefore,  consists  of  a  large  bundle  of  ulti- 
mate filaments,  associated  with  each  other   in  larger   or   smaller 
:ket8,  and  bound  together  by  the  investing  fibrous  layers.     When 
;  nerve  is  said  to  become  branched  or  '*  divided"  in  any  part  of  ita 
Durse,  this  division  merely  implies  that  some  of  its  filaments  leave 
be  bundles  with  which  they  were 
5vioasly  associated,  and  pursue 
diflerent  direction.   (Fig.  121,) 
mL  nerve  which  originates,  for  ex- 
_ample,  from  the  spinal  cord  in  the 
Bgion  of  the  neck,  and  runs  down 
be  upper  extremity,  dividing  ami 
ibdividing,  to  be  finally  distri- 
ited  to  the  integument  and  mus- 
les  of  the  hand,  contains  at  its 
:>int  of  origin  all  the  filaments 
bio  which  it  is  afterward  divided, 
which  are  merely  separated 
successive   points   from   the 
lain  bundle,    The  ultimate  fila- 
lents    themselves    divide,   and 
&n    form    sometimes    minute 
cuses,  when  they  have  finally 
ived  at  their  destination  and 
about   to   terminate  in   the 
Basitive  or  muscular  parts;  but 
iring  the  whole  previous  tran* 
it  of  the  nerve,  between  its  on- 
Kb  and  its  termination,  they  re- 
distinct  and  anatomically  independent  of  each  other,  each 
filament  by  itself  remaining  continuous  throughout 

When  a  nerve,  furtherraore,  is  said  to  "inosculate"  with  another 

rve,  as  when  the  infra-orbital  inosculates  with  the  facial,  or  the 

ervical  nerves  inosculate  with  each  other,  this  means  simply  that 

>me  of  the  filaments  composing  the  first  nervous  bundle  separate 

>m  it,  and  cross  over  to  form  a  part  of  the  second,  while  some  of 

1^066  belonging  to  the  second  cross  over  and  join  the  first  (Fig. 

22);  but  the  individual  filaments  in  each  instance  remain  contin- 

is  and  preserve  their  identity  throughout    This  fact  is  of  great 

lysiological  importance;  ainoe  the  white  or  fibrous  nerve-sub- 

Mice  is  everywhere  simply  an  organ  of  transmission.     It  serves 


Divi^ioD  of  E  If  BkTE,  •bciwlDjjf  porttoa  gf 
nervoun  trunk  (fi),  aud   tb«  »«p«rmtloii   «€  U* 
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to  convey  the  nervoas  impalse  in  various  directions,  from  without 
inward,  or  from  within  outward;  and  as  each  nervous  filament  tcU 
independently  of  the  others,  it  will  convey  an  impression  or  ft  stim- 
ulus continuously  from  its  origin  to  its  termination,  and  will  aWiji 
have  the  same  character  and  function  in  every  part  of  its  course 

The  other  variety  of  nervous  matter  is  known  as  the  grayivi' 
staTice,    It  is  sometimes  called  *'  cineritioua  matter,"  and  sometigies 

Fig.  122. 


4( 


**  vesicular  neurine  "    It  is  found  in  the  central  parts  of  the  epiittl 
cord,  at   the  base  of  the  brain  in  isolated  masses,  and  is  il» 
epread  out  as  a  continuous  layer  on  the  external  portions  of  the 
Fig.  123.  cerebrum    and    cerebeUtnn. 

It  also  constitutes  the  sub- 
stance of  all  the  ganglia  of 
the  great  sympathetic.  Ex- 
amined by  the  microeeop&it 
consists  of  vesiclea  or  oelbbd 
various  forms  and  mses;  ie^ 
bedded  in  a  grayish,  granalir. 
intercellular  subatanoc,  mi 
containing,  also,  very  fr^ 
quently.  granules  of  gnpA 
^^=^  y  ^  pigmentary  matter    It  is  to 

the  presence  of  this  graaiJir 
ifgRTR  Culm.  iDt«niiiiiiri«a  wub  fltirM;  rrom     pigment  that  thia  kind  <k 

•emUasAr  g^naglfoB  of  wt. 
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*rvous  matter  owes  tie  ashy  or  **  cioeritious"  color  from  which  it 
derives  its  name.    The  cells  composing  it  vary  in  size,  according 
to  KoUiker,  from  ^^^u^^  to  ^i^  of  an  inch.    The  largest  of  them  have 
a  very  distinct  nucleus  and  nucleolus.  (Fig.  128.)     Many  of  them 
are  provided  with  long  processes  or  projections,  which  are  sometimes 
divided  into  two  or  three  smaller  branches.    These  cells  are  inter- 
mingled, in  all  the  collections  of  gray  matter^  with  nervous  filament?, 
and  are  entangled  with  their  extremities  in  such  a  manner  that  it 
is  exceedingly  difficult  to  ascertain  the  exact  nature  of  the  anato- 
mical relations  existing  between  thera.     It  is  certain  that  in  many 
iGBtances  the  slender  processes  nmning  out  from  the  nervous  vesi- 
isleB  become  at  last  continuous  with  the  filaments;  so  that  the  ner- 
vous filaments  originate  from,  or  terminate  in,  the  nerve-cells.     It 
has    also  been  found,  especially  in  the  spinal  cord,  that  adjacent 
nerve-cells  are  often  connected  with  each  other  by  these  filamen- 
tous pFooessea 

Every  coUoction  of  gray  matter,  whatever  be  its  situation  or 
relative  size  in  ibe  nervous  system,  is  called  a  ganglion  or  nenmus 
eenire.  Its  function  is  to  receive  impressions  oonveyed  to  it  by  the 
nervous  filament^  and  to  send  out  by  them  impulses  which  are  to 
l>e  transmitt^  to  distant  organs.  The  ganglia,  therefore,  originate 
nervous  power,  so  to  speak;  while  the  fllaraenls  and  the  nerves 
only  transmit  it.  Now  we  shall  find  that,  in  the  structure  of  every 
ner^'ous  system,  the  ganglia  are  connected,  first  with  the  diflerent 
organs,  by  bundles  of  filaments  which 
are  called  nerves ;  and  secondly  with 
ich  other,  by  other  bundles  w^hich 
termed  commissures.  The  entire 
em  m  accordingly  made  up  of 
mgliitt  nerveif  and  commissures. 
The  simplest  form  of  nervous 
em  is  probably  that  found  in 
five-rayed  starfish.  This  animal 
longs  to  the  type  known  as  radtaia ; 
is,  animals  whose  organs  radiate 
>m  a  central  point,,  so  as  to  form  a 
Ircular  series  of  similar  parts,  each 
in  being  repeated  at  different 
points  of  the  circumference.    The 

starfish  (Fig*  124)  consists  of  a  central  mass,  with  five  arms  or 
limbs  radiating  from  it.    In  the  centre  is  the  mouth,  and  iinmedi- 


Fig.  124 
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ately  beneath  it  tlie  stomach  or  digestive  cavity,  which  seods  pro-  j 
longations  into  every  one  of  the  projecting  limb$.  There  U  alaoi 
contained  in  each  limb  a  portion  of  the  glandular  and  maacolar 
Bystems,  and  the  whole  is  covered  by  a  Benaitive  in  tegument  The 
nervous  system  consists  of  five  similar  gangUa^  situated  in  the 
central  portion,  at  the  ba^e  of  the  arms.  These  ganglia  are  coa- 
nected  with  each  other  by  commissuresy  so  as  to  form  a  nenroas 
collar  or  chain,  surroundiog  the  orifice  of  the  digestive  caviiy. 
£ach  ganglion  also  sends  ofT  nerves  the  dlamentd  of  which  are 
distributed  to  the  organs  contained  in  the  corresponding  limb. 

We  have  already  stated  that  the  proper  function  of  the  ocn 
system  is  to  enable  a  stimulus,  acting  upon  one  organ,  to  proda 
motion  or  excitement  in  another.      This  is  acoomplisbed^  in 
starfish,  in  the  following  manner: — 

When  any  stimulus  or  irritation  is  applied  to  the  integumeiilaf 
one  of  the  arms,  it  is  transmitted  by  the  nerves  of  the  integumeot  I 
to  the   ganglion  situated   near   the   mouth.     Arrived    bere»  it  kl 
received  by  the  gray  matter  of  the  ganglion,  and  immediately  ooo-l 
verted  into  an  impulse  which  is  sent  out  by  other  filaments  to  dm] 
muscles  of  the  corresponding  limb;  and  a  muscular  contraction  and} 
movement  consequently  take  place*   The  muscles  therefore  oontraci  | 
in  consequence  of  an  irritation  which  has  been  applied  to  the  ^a. 
This  is  called  the  ''reflex  action^'  of  the  nervous  system ;  beotuae  the 
stimulus  is  first  sent  inward  by  the  nerves  of  the  integument,  and 
then  returned  or  reflected  back  from  the  ganglion  upon  the  mnsoki^ 
It  must  be  recollected  that  this  action  does  not  necessarily  indicate 
any  sensation  or  volition,  nor  even  any  consciousness  on  the  part  of 
the  animal.     The  function  of  the  gray  matter  is  simply  to  receive 
the  impulse  conveyed  to  it,  and  to  reflect  or  send  back  another; 
and  this  may  be  accomplished  altogether  involuntarily,  and  witboit 
the  existence  of  any  conscious  perception. 

Where  the  irritation  applied  to  the  integument  is  of  aa  ordinarf 
character  and  not  very  intense,  it  is  simply  reflected,  as  abtmj  ] 
described,  from  the  corresponding  ganglion  back  to  the  same  lianbi 
But  if  it  be  of  a  peculiar  character,  or  of  greater  intensity  than  umsL 
it  may  be  also  transmitted  by  the  commissures  to  the  neighborii^ 
ganglia ;  and  so  two,  three,  four,  or  even  all  five  of  the  limbs  mty 
be  set  in  motion  by  a  stimulus  applied  to  the  integument  of  one  of 
them.  Now,  as  all  the  limbs  of  the  animal  have  the  same  stractme 
and  contain  the  same  organs,  their  action  will  also  be  the  stiw; 
and  the  effects  of  this  communication  of  the  stimulus  from  one  to 
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le  other  by  meaDs  of  commissures  will  be  a  repetition,  or  rather 

simultaneous  production  of  similar  movements  in  different  parts 

of  the  body*     According  to  the  character  and  intensity,  therefore, 

the  original  stimulus,  it  will 'be  followed  by  a  response  from 

one,  several,  or  all  of  the  different  parts  of  the  animal  frame. 

It  will  be  seen  also  that  there  are  two  kinds  of  nervous  filaments^ 

differing  essentially  in  their  functions.     One  set  of  these  fibres  run 

from  the  sensitive  surfaces  to  the  ganglion,  and  convey  the  nervous 

ipression  inward.     These  are  called  sefrnthfe  fibres.     The  other 

t  run  from  the  ganglion  to  the  muscles,  and  carry  the  nervous 

impression  outward.     These  are  called  motor  fibres. 

In  the  starfish,  where  the  body  is  composed  of  a  repetition  of  simi- 
lar parts  arranged  round  a  common  centre,  and  where  all  the  limbs 
are  precisely  alike  in  structure,  the  several  ganglia  composing  the 
ms  system  are  also  similar  to  each  other,  and  act  in  the  same 
But  in  animals  which  are  constructed  upon  a  different  plan, 
and  whose  bodies  are  composed  of  distinct  organs,  situated  in  dif- 
ferent regions,' we  find  that  the  nervous  ganglia,  presiding  over 
the  function  of  these  organs,  present  a  corresponding  degree   of 

kdiaaimilarity. 
^  In  Aplt/sia,  for  example,  which  belongs  to  the  type  of  "mollusca/' 
pr  soft-bodied  animals,  the  digestive  apparatus  consists  of  a  mouth, 
in  CBSophagus,  a  triple  stomach,  and  a  some- 
what  convoluted   intestine.     The   liver  is 
large,  and  placed  on  one  side  of  the  body, 
while   the   gills^  in   the   form  of  vascular 
laminae,  occupy  the  opposite  side.     There 
are  both  testicles  and  ovaries  in  the  same 
imal,  the  male  and  female  functions  co* 
isting,  as  in  many  other  inyertebrate 
ies.    All  the  organs,  furthermore,  are 
arranged  without  reference  to  a  reg- 
or  symmetrical  plan.     The  body  is 
Tered  with  a  muscular  mantle,  which  ex- 
at  the  ventral  surface  into  a  tolerably 
developed  *'  foot.**  or  organ  of  locorao- 
by  which  the  animal   is  enabled  to 
ange  itu  position  and  move  from  one      w«»Tor«      stbtuji     of 
ity  to  another.  ««oph«ge«i  gmnKitoii.  a  c#n^ 

The  nervous  system  of  this  animal  is  con-    **^*  «aoicHon     \  a.  p«dj»i  ot 
uctea  upon  a  plan  oorrespondmg  with    t»tory  gMgiwo* 
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that  of  the  entire  body.  (Fig.  125*)    There  is  a  small  gangliou  (i) 
situated  anteriorly,  which  sen Js  nerves  to  the  commenceaieut  of  llw 
digestive  apparatus,  and  is  regarded  as  the  oesophageal  or  dige^ve 
ganglion.     Immediately  behind  it  is  a  larger  one  («)  called  the 
cephalic  or  cerebral  ganglion,  which  sends  nerves  to  the  orguas  d 
special  sense,  and  which  is  regarded  as  the  seat  of  volition  and 
general  sensation  for  the  entire  body.     Following  this  is  a  pair  of 
ganglia  (a,  a),  the  pedal  or  locornotory  ganglia^  which  supply  tie 
muscular  mantle  and  its  footdike  expansion,  and  which  regulate 
the  movement  of  these  organs.     Finally,  another  ganglion  {*\  &vt 
ated  at  tlie  posterior  part  of  the  body,  sends  nerves  to  the  branchia 
or  gills,  and  is  termed  the  branchial  or  respiratory  ganglion.    Ail 
these  nervous  centres  are  connected  by  commissures  with  the  centril 
or  cerebral  ganglion,  and  may  therefore  act  either  independeotlj 
or  in  association  with  each  other,  by  means  of  these  connecting  &hKU 
In  the  third  type  of  animals,  again,  viz^  the  arUcwfa^,  the  ge 
ral  plan  of  structure  of  the  body  is  different  from 
the  foregoing,  and  the  nervous  system  is  acooid* 
ingly  modified  to  correspond  with  it.     In  then 
aniniaLs,  the  body  is  composed  of  a  number  of 
rings  or  sections,  which  are  articulated  witheuA 
other  in  linear  series.     A  very  good  example  of 
this  type  may  be  found  in  the  common  centipedes 
or  seohpendra.     Here  the  body  is  composed  of 
twenty-two  successive  and  nearly  similar  ai^^ 
lations,  each  of  which  has  a  pair  of  legs  attachad, 
and  contains  a  portion  of  the  glandular^  reqirv 
tory,   digestive   and    reproductive    apparaloieiL 
The  animal,  therefore,  consists  of  a  repetilioocf 
similar  compound  parts,  arranged  in  a  longitudi- 
nal chain  or  series.     The  only  exceptions  to  tUs 
similarity  are  in  the  first  and  last  articulatkn 
The  first  is* large,  and  contains  the  mouth;  d* 
last  is  small,  and  contains  the  anus.    The  fil* 
articulation,  which  is  called  the  "  head,''  w  al» 
furnished  with  eyes,  with  antennae,  and  with  a 
pair  of  jaws,  or  mandiblea 

The  nervous  system  of  the  centipede  (Fig.  lS8i 
corresponding  in  structure  with  the  above  jto 
consists  of  a  linear  series  of  nearly  equal  and  similar  ganglia  arrat»g^{ 
in  pairs,  situated  upon  the  median  lin^  along  the  ventral  sur&oe  d 
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alimentary  canal.  Each  pair  of  gaoglia  is  conaected  with  the 
aiegument  and  muscles  of  its  own  articulation  by  sensitive  and 
motor  filaments;  and  with  those  which  precede  and  follow  by  a 
double  cord  of  longitudinal  commissural  fibres.  In  the  first  artica* 
lation,  moreover,  or  the  head,  the  ganglia  are  larger  than  elsewhere, 
and  send  nerves  to  the  antenna?  and  to  the  organs  of  special  sense. 
This  pair  is  termed  the  cerebral  ganglion,  or  the  "  brain  " 

A  reflex  action  may  take  place,  in  these  animals,  through  either 
ae  or  all  of  the  ganglia  composing  the  nervous  chain.  An  im- 
ression  received  by  the  integument  of  any  part  of  the  body  may 
transmitted  inward  to  its  own  ganglion  and  thence  reflected 
imediately  outward,  so  as  to  produce  a  movement  of  the  limbs 
ilouging  to  that  articulation  alone;  or  it  may  be  propagated, 
through  the  longitudinal  commissures,  forward  or  backwardi  and 
produce  simultaneous  movement*?  in  several  oeigliboring  articula* 
tioQs ;  or,  finally,  it  may  be  propagated  quite  up  to  the  anterior  pair 
of  ganglia  or  "  brain,"  where  its  reception  will  be  accompanied  with 
consciousness,  ami  a  voluntary  movement  reflected  back  upon  any 
or  all  of  the  limbs  at  once*  The  organs  of  special  sense,  also,  com- 
municate directly  with  the  cerebral  ganglia;  and  impressions  con- 
veyed through  them  may  accordingly  give  rise  to  movements  in 
any  distant  part  of  the  body.  In  these  animals  the  ventral  ganglia, 
or  those  which  simply  stand  as  a  medium  of  communication  be- 
tween the  integument  and  the  muscles,  are  nearly  similar  through* 
tit ;  while  the  first  pair,  or  those  which  receive  the  nerves  of  sj:»ecial 
nse,  and  which  exercise  a  general  controlling  power  over  the  rest 
of  the  nervous  system,  are  distinguished  from  the  remainder  by  a 
well-marked  preponderance  in  size- 
In  the  centipede  it  will  be  noticed  that  nearly  all  the  organs  and 
actions  are  distributed  in  an  equal  degree  throughout  the  whole 
agth  of  the  body.  The  organs  of  special  sense  alone^  with  those 
'mastication  and  the  functions  of  perception  and  volition,  are 
afined  to  the  head.  The  ganglia  occupying  this  part  are  there- 
the  only  ones  which  are  distinguished  by  any  external  pecu- 
irities;  the  remainder  being  nearly  uniform  both  in  size  and 
dvity.  In  some  kinds  of  articulated  animals,  however,  particular 
tictioDS  are  concentrated,  to  a  greater  or  less  extent,  in  particular 
of  the  body ;  and  the  nervous  ganglia  which  preside  over 
are  modified  in  a  corresponding  manner.  In  the  insects, 
example,  the  body  is  divided  into  three  distinct  sections,  viz : 
head^  oontaining  the  organs  of  prehension,  mastication,  tact 
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and  special  sense ;  the  chest,  tjpon  which  are  canoentrated  the  or- 
gatis  of  locomotioQi  the  legs  and  wiDga ;  and  the  abdomen^  certain- 
ing  the  greater  part  of  the  alimentary  canal,  together  with  the 
glandular  and  generatire  organs.  As  the  iniseetd  have  a  greater 
amount  of  intelligence  and  activity  than  the  centipedes  and  other 
worm  like  articulata,  and  as  the  organs  of  special  sense  are  more 
perfect  in  them,  the  cerebral  ganglia  are  also  nnusnally  developed, 
and  are  evidently  composed  of  several  pairs,  connected  by  commis- 
sures so  as  to  form  a  componnd  mass.  As  the  organs  of  locoroo- 
lion,  fnrthermore,  instead  of  being  distributed,  as  in  the  centipede^ 
throughout  the  entire  length  of  the  animal,  are  concentrated  upon 
the  cheat*  the  locomotory  ganglia  also  preponderate  in  size  in  this 
region  of  the  body ;  while  the  ganglia  which  preside  over  the  secre- 
tory and  generative  functions  are  situated  together^  in  the  cavity  of 
the  abdomen. 

All  the  above  parts,  however,  are  connected,  in  the  same  manner 
as  previously  described,  with  the  anterior  or  cerebral  pair  of  gan- 
glia. In  all  articulate  animals,  moreover,  the  general  arrangement 
of  the  body  is  symmetrical.  The  right  side  is,  for  the  most  part, 
precisely  like  the  le^  as  well  in  the  internal  organs  as  in  the  ex- 
ternal covering  and  the  locomotory  appendages.  The  only  marked 
variation  between  different  parts  of  the  body  is  in  an  antero-pos- 
terior  direction ;  owing  to  diflFerent  organs  being  concentrated,  in 
some  cases,  in  the  head,  chest,  and  abdomen. 

Finally,  in  the  vertebrate  type  of  animals,  comprising  man,  the 
quadrupeds,  birds,  reptiles,  and  fish,  the  external  parts  of  the  body, 
together  with  the  locomotory  apparatus  and  the  organs  of  special 
sense,  are  symmetrical,  as  in  the  articnlata;  but  the  internal  organ^^ 
especially  those  concerned  in  the  digestive  and  secretory  functions^ 
are  unsymraetrical  and  irregular,  as  in  the  molluscs.  The  organs 
of  respiration,  however,  are  nearly  symmetrical  in  the  vertebrata, 
for  the  reason  that  the  respiratory  movements,  upon  which  the 
function  of  these  organs  is  immediately  dependent,  are  performed 
by  muscles  belonging  to  the  general  locomotory  apparatus.  The 
nervous  system  of  the  vertebrata  partakes,  accordingly,  of  the  struc- 
tural arrangement  of  the  organs  under  its  control.  That  portion 
which  presides  over  the  locomotory,  respiratory,  sensitive,  and  in- 
tellectual functions  forms  a  system  by  itself,  called  the  cercbrih^pinal 
9t/8t€in,  This  system  is  arranged  in  a  manner  very  similar  to  that 
of  the  articulata.  It  is  composed  of  two  equal  and  syaLmetrioal 
halves,  running  along  the  median  line  of  the  body,  the  different 
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Darts  of  which  are  connected  by  transverse  and  longitudinal  com- 
:siiissQre8,  It"}  ganglia  occupy  the  cavities  of  the  cranium  and  the 
spinal  canal,  and  send  out  their  nerves  through  openings  in  the 
Txjny  walla  of  these  cavitiea. 

The  other  portion  of  the  nervous  system  of  vertebrata  is  that 
-%vhich  presides  over  the  functions  of  vegetative  life.  It  is  called 
the  ganglionic  or  grtai  symjxithetic  system.  Its  ganglia  are  situated 
anteriorly  to  the  spinal  column,  in  the  visceral  cavities  of  the  body^ 
and  are  connected,  like  the  others,  by  transverse  and  longitudinal 
oommiMureaw  This  part  of  the  nervous  system  is  symmetrical  in 
the  neck  and  thorax,  but  is  uusymmelrical  in  the  abdomen,  where 
it  attains  its  largest  size  and  its  most  complete  development 

The  vertebrate  animals,  as  a  general  rule,  are  very  much  superior 
to  the  other  classes,  in  intelligence  and  activity,  as  well  as  in  the 
variety  and  complicated  character  of  their  motions  j  while  their 
nutritive    or  vegetative   functions, 
on  the  other  hand,  are  not  particu-  Pig- 127. 

larly  well  developed.    Accordingly 
we  find  that  in  these  animals  the 
cerebro-spinal    system    of    nerves 
preponderates   very  much,  in   im- 
portance and  extent,  over  that  of 
the  great  sympathetic.     The  quan- 
tity of   nervous  matter  contained 
la    the  brain  and  spinal   cord   is, 
even  in  the  lowest  vertebrate  ani- 
mal, Tery  much  greater  than  that 
contained  in  the  system  of  the  great 
Sympathetic;   and  this  preponder- 
ance increases,  in  the  higher  classes, 
jost   in   proportion  to  their  supe- 
riority   in   intelligence,    sensation, 
power  of  motion,  and  other  func- 
tions  of  a  purely  animal  character. 
The  spinal  cord   is  very  nearly 
alike  in  the  different  classes  of  ver- 
tebrate  animals.      It  is  a  nearly 
cylindrical  cord,  running  from  one 
end  of  the  spinal  canal  to  the  other, 
nnd   connected   at  its  anterior  ex- 
tremity with  the  ganglia  of  the  brain.  (Fig,  127.)    It  is  divided, 
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and  special  sense ;  the  chest,  upon  which  are  concentrated  the  or- 
gans of  locomotion,  the  legs  and  winga ;  and  the  abdomen,  ooaUis^ 
ing  the  greater  part  of  the  alimentarj  canal,  together  with  tbt 
glandular  and  generative  organs.  As  the  insects  have  a  greater 
amount  of  intelligence  and  activity  than  the  centipedes  and  other 
worm-like  articulata,  and  as  the  organs  of  special  sense  are  mtm 
perfect  in  them,  the  cerebral  ganglia  are  also  nnusnally  deTeloped. 
and  are  evidently  composed  of  several  pairs,  connected  by  commis- 
sures  so  as  to  form  a  componnd  mass.  As  the  organs  of  locorao 
tian,  furthermore,  instead  of  being  distributed,  as  in  the  centipede^ 
throughout  the  entire  length  of  the  animal,  are  concentrated  upofl 
the  chest,  the  locomotory  ganglia  also  preponderate  in  size  in  thii 
region  of  the  body ;  while  the  ganglia  which  preside  over  ibesecro- 
tory  and  generative  functions  are  situated  together^  in  the  cavity  of 
the  abdomen. 

All  the  above  parts,  however,  are  connected,  in  the  same  mamxr 
as  previously  described,  with  the  anterior  or  cerebral  pair  of  gia- 
glia.  In  all  articulate  animals,  moreover,  the  general  arrangement 
of  the  body  is  symmetrical.  The  right  side  is,  for  the  most  part 
precisely  like  the  left,  as  well  in  the  internal  organs  as  in  the  ex* 
ternal  covering  and  the  locomotory  appendages.  The  only  mark«d 
variation  between  different  parts  of  the  body  is  in  an  antero*po^ 
terior  direction ;  owing  to  different  organs  being  conoenirated,  m 
some  cases,  in  the  head,  chest,  and  abdomen. 

Finally,  in  the  vertebrate  type  of  animals,  comprising  man,  tbc 
quadrupeds,  birds,  reptiles,  and  fish,  the  external  parts  of  the  body, 
together  with  the  locomotory  apparatus  and  the  organs  of  speaai 
sense,  are  symmetrical,  as  in  the  articulata ;  but  the  internal  orgaa^ 
especially  those  concerned  in  the  digestive  and  secretory  functions 
are  unsymmetrical  and  irregular,  as  in  the  molluscs.  The  organi 
of  respiration,  however,  are  nearly  symmetrical  in  the  vertehraiak 
for  the  reason  that  the  respiratory  movements,  upon  which  tbe 
function  of  these  organs  is  immediately  dependent,  are  perforoied 
by  muscles  belonging  to  the  general  locomotory  apparatus  The 
nervous  system  of  the  vertebrata  partakes,  accordingly,  of  the  struc- 
tural arrangement  of  the  organs  under  its  control.  That  portion 
which  presides  over  the  locomotory,  respiratory,  sensitive,  and  vor 
tellectual  functions  forms  a  system  by  itself,  called  the  cer€bnhspif^ 
Bysttm,  This  system  is  arranged  in  a  manner  very  similar  to  tbat 
of  the  articulata.  It  is  composed  of  two  equal  and  symmetiioil 
halves,  running  along  the  median  line  of  the  body,  the  differ^ 
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c^ccupying  the  two  lateral  halves  of  the  cord,  arc  united  with  each 
cz>ther  by  a  transverse  band  of  the  same  substance,  which  is  called 
fc-  he  gray  comimmvre  of  the  conL  Their  anterior  and  posterior  per- 
^«^ions,  io  front  and  behind  the  gray  commissure,  are  called,  respec- 
tively, the  anterior  and  posterior  horns  of  gray  matter.  Directly 
5.n  front  of  the  gray  commissure  is  a  transverse  band  of  white  sub- 
^stance,  connecting  in  a  similar  manner  the  white  portions  of  the 
^\vo  lateral  halves.     It  is  called  the  white  cominismre  of  the  cord. 

The  spinal  nerves  originate  from  the  cord  on  each  side  by  two 
<iistinct  roots;  one  anterior,  and  one  posterior.  The  anterior  root 
^Fig.  128,  rf)  arises  from  the  surface  of  the  cord  near  the  extremity 

»of  the  anterior  horn  of  gray  matter.  Tlie  posterior  root  (c)  origi- 
nates  at  the  point  corresponding  with  the  posterior  horn  of  gray 
matter.  Both  roots  are  composed  of  a  considerable  number  of 
ultimate  nervous  filaments,  united  with  each  other  in  parallel 
bundles.  The  posterior  root  is  distinguished  by  the  presence  of  a 
small  ganglion  {c\  which  appears  to  be  incorporated  with  it,  and 

»  through  which  its  fibres  pass.  There  is  no  such  ganglion  on  the 
anterior  root  The  two  roots  unite  with  each  other  shortly  after 
leaving  the  cavity  of  the  spinal  canal,  and  mingle  their  filaments 
ia  a  single  trunk. 

It  will  be  seen,  on  referring  to  the  diagram  (Fig.  128),  that  each 
lateral  half  of  the  spinal  cord  is  divided  into  two  portions,  an 
anterior  and  a  posterior  portion.    The  posterior  horn  of  gray  mat- 
ter comes  quite  up  to  the  surface  of  the  cord,  and  it  is  just  at  this 
point  («r)  that  the  posterior  roots  of  tlie  nerves  have  their  origin. 
The  whole  of  the  white  substance  included  between  this  point  and 
the  posterior  median  fissure  is  called  the  jxtaienor  column  of  the 
Vfyrd,     That  which  is  included  between  the  origins  of  the  posterior 
and  those  of  the  anterior  roots  is  called  the  lateral  column ;  while 
that  which  is  included  between  the  anterior  roots  and  the  anterior 
median  fissure  is  the  anterior  column.     The  white  substance  of  the 
Cord  may  then  be  regarded  as  consisting  for  the  most  part  of  six 
longitudinal  bundles  of  nervous  filaments,  viz.,  the  right  and  left 
anterior,  the  right  and  left  posterior,  and  right  and  left  lateral 
Qolumns,     The  posterior  median  fissure  penetrates  deeply  into  the 
substance  of  the  cord,  quite  down  to  the  gray  matter,  so  that  the 
posterior  columns  appear  entirely  separated  from  each  other  in  a 
transverse  section;  while  the  anterior  median  fissure  is  more  shal- 
low and  stops  short  of  the  gray  matter,  so  that  th^  anterior  columns 
^re  connected  with  each  other  by  the  white  commissure  above  men- 
tioned. 
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by  an  anterior  and  posterior  median  fissure,  into  two  lateral  Iialve% 
which  still  reraaia  connected  with  each  other  by  a  central  maasof 
commissure.  Its  inner  portions  are  occupied  by  gray  matWr^ 
which  forms  a  continuous  ganglionic  chain,  running  from  one  ex- 
tremity of  the  cord  to  the  other.  Its  outer  portions  are  composed 
of  white  substance,  tlie  filaments  of  which  run  for  the  most  part  io 
a  longitudinal  direction,  connecting  the  different  parts  of  the  cord 
with  each  other,  and  the  cord  itself  with  the  ganglia  of  the  brain. 

The  spinal  nerves  are  given  off  from  the  spinal  cord  at  regokr 
intervals^  and  in  symmetrical  pairs;  one  pair  to  each  suocesave 
portion  of  the  body.  Their  filaments  are  distributed  to  the  integtt> 
ment  and  muscles  of  the.  corresponding  regions.  In  serpents,  where 
locomotion  is  pertbrmed  by  simple,  alternate,  lateral  movemeota 
of  the  spinal  column,  the  spinal  cord  and  its  nerves  are  of  tie 
stame  size  throughout  But  in  the  other  vertebrate  classes,  where 
there  exist  special  organs  of  locomotion,  such  as  fore  and  hind 
legs,  wings,  and  the  like,  the  spinal  cord  is  increased  in  size  at 
the  points  where  the  nerves  of  these  organs  are  given  off;  and  tha 
nerves  themselves,  w^hich  supply  the  Hmbs»  are  larger  than  tfaott 
originating  from  other  parts  of  the  spinal  cord.  Thus,  in  theio- 
man  subject  (Fig.  126).  the  cervical  nerves,  which  go  to  the  ann^ 
and  tlie  sacral  nerves,  which  are  distributed  to  the  legs»  are  lai^ger 
than  the  dorsal  and  lumbar  nerves.  They  form,  also,  by  freqtiettt 
inosculation,  two  remarkable  plexuses,  before  entering  their  corre- 

g|ionding  limbs»  viz.,  thehra^ 
^*^'  ^^^'  chial  plexus  above,  and  ihf 

several   plexus  below.    Tic 
cord  itself,   moreover,  pr^ 
sents  two  enlargements  li 
the  point  of  origin  of  thm 
nerves^  viz.,  the  cervical  en* 
largemcnt  from  which  lie 
brachial  nerves   {4,  #)  tw 
given  off.  and  the  Inmhtf 
enlargement  from  which  the 
sacral  nerves  (»,  a)  origimte. 
If  the  spina)  cord  be  exa- 
mined in  transverse  eaclioii 
(Fig,  128),  it  will  be  seen  that  the  gray  matter  in  its  central  portion 
forms  a  double  crescentic-slmped  mass,  with  the  concavity  of  thfj 
crescents  turned  outward.    These  crescentic  masses  of  gmy  matter, 
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^<5<:i spying  the  two  lateral  halves  of  the  cord,  are  united  with  each 

^t*  txer  by  a  transverse  band  of  the  &anie  substance,  which  is  called 

?^^  ^ray  commissure  of  the  cord,     l^heir  anterior  and  posterior  por- 

^^<:>iis,  in  front  and  behind  the  gray  commissure,  are  culled,  respec- 

k      5^^^1y»  the  anterior  and  posterior  horns  of  gray  matter.     Directly 

I      ^''^  front  of  the  gray  commissure  is  a  transverse  band  of  white  sub- 

■  ^t4ince,  conneeting  in  a  similar  manner  the  white  portions  of  the 

■  Xvfo  lateral  halves*     It  is  called  the  white  com^msstire  of  the  card, 

B  The  spinal  nerves  originate  from  the  cord  on  each  side  by  two 

■  distinct  roots;  one  anterior,  and  one  posterior.  The  anterior  root 
I  (Fig.  128,  d)  arises  from  the  surface  of  the  cord  near  the  extremity 
I  ot  the  anterior  horn  of  gray  matter.  The  posterior  root  (c)  origi- 
^l  nates  at  the  point  corresponding  with  the  posterior  horn  of  gray 
^^k  matter.     Both  roots  are  composed  of  a  considerable  number  of 

ultimate  nervous  filaments,  united  with  each  other  in  parallel 
bundles.  The  posterior  root  is  distinguished  by  the  presence  of  a 
small  ganglion  {c\  which  appears  to  be  incorporated  with  it,  and 
through  which  its  fibres  pass.  There  is  no  such  ganglion  on  the 
anterior  root.  Tlie  two  roots  unite  with  each  other  shortly  after 
leaving  the  cavity  of  the  spinal  canal,  and  mingle  their  filaments 
in  a  single  trunk* 

It  will  be  seen,  on  referring  to  the  diagram  (Fig.  128),  that  each 
lateral   half  of  the  spinal  cord  is  divided  into  two  portions,  an 
anterior  and  a  posterior  portion*     The  posterior  horn  of  gray  mat- 
ter comes  quite  up  to  the  surface  of  the  cord,  and  it  is  just  at  this 
point  (e)  that  the  posterior  roots  of  the  nerves  have  their  origin. 
The  whole  of  the  white  substance  included  between  this  point  and 
the  posterior  median  fissure  is  called  the  posterior  column  of  the 
mrd.     That  which  is  included  between  the  origins  of  the  posterior 
and  those  of  the  anterior  roots  is  called  the  lateral  column;  while 
that  which  is  included  between  the  anterior  roots  and  the  anterior 
median  fissure  is  the  anterior  column.     The  white  substance  of  the 
cord  may  then  be  regarded  as  consisting  for  the  most  part  of  six 
longitudinal  bundles  of  nervous  filaments,  viz.,  the  right  and  left 
anterior,  the  right  and  left  posterior,  and  right  and  left  lateral 
columns.     The  posterior  median  fissure  penetrates  deeply  into  the 
substance  of  the  cord,  quite  down  to  the  gray  matter,  so  that  the 
posterior  columns  appear  entirely  separated  from  each  other  in  a 
transverse  section;  while  the  anterior  median  fissure  is  more  shal- 
low  and  stops  short  of  the  gray  matter,  so  that  the  anterior  columns 
are  connected  with  each  other  by  the  white  commissure  above  men- 
tioned. 
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By  tte  encepkalon  we  mean  the  whole  of  thnt  portion  ol 
cerebrospinal  system  which  is  contained  in  the  cranial  cavity*  Ii 
is  divided  into  three  principal  parts,  viz.,  the  cerebrum,  cerebellum, 
and  medulla  oblongata.  The  anatomy  of  these  parts,  though  some- 
what complicated^  can  be  readily  understood  if  it  l>e  reooIJect<;d 
that  they  are  simply  a  douhk  series  of  nervous  ganglia,  connctUd  unth 
each  other  ami  with  the  spinal  cord  by  transverse  and  hngitudinul 
commissures.  The  number  and  relative  size  of  these  ganglia,  io 
different  kinds  of  animals^  depend  upun  the  perfection  of  the  bodil/ 
organization  in  general,  and  more  especially  on  that  of  the  intelli- 
gence and  the  special  senses.  They  are  most  readily  described  by 
commencing  with  the  simpler  forms  and  terminating  with  the 
complex. 

The  brain  of  the  Alligator  (Fig*  129)  consists  of  five  pair 
ganglia,  ranged  one  behind  the  other  in  the  interior  of  the  cranium. 
The  first  of  these  are  two  rounded  masses  (j),  lying  just  above  and 

behind  the  nasal  cavities,  which  distri- 
bute their  nerves  upon  the  Scboeideriaii 
mucous  membrane.  These  are  the  olfac- 
tory ganglia.  They  are  connected  with 
the  rest  of  the  brain  by  two  long  and 
slender  commissures,  the  ''olfactory  com- 
missures." The  next  pair  (t)  are  some- 
what larger  and  of  a  triangular  shape, 
when  viewed  from  above  downward. 
They  are  termed  the  "cerebral  ganglii^'' 
or  the  hemispheres.  Immediately  follow- 
ing them  are  two  quadrangular  ma^cs  (j) 
which  give  origin  to  the  optic  nerves^  wid 
are  therefore  called  the  optic  gangUa, 
They  are  termed  also  the  "  optic  tuber- 
cles f  and  in  i&ome  of  the  higher  aninula, 
where  they  present  an  imperfect  di vision 
intc3  four  nearly  equal  parts,  they  wc 
known  as  the  "tubercula  quadrigemiai"* 
Behind  them,  we  have  a  single  triangular  collection  of  nervow 
matter  (4),  which  is  called  the  cf'rSeUum.  Finally,  the  upper  por 
tion  of  the  cord,  just  behind  and  beneath  the  cerebellum,  is  seen  to 
be  enlarged  and  spread  out  laterally,  so  as  to  form  a  broad  obloag 
mass  (5),  the  medulla  oblongata.  It  is  from  this  latter  portion  of  tb< 
brain  that  the  pneumogastric  or  respiratory  nerves  originate^  wd 
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ganglia  are  therefore  sometimes  termed  the  "  paeumogasiric**  or 
•*  respiratory"  ganglia. 

It  will  be  seen  that  the  posterior  columns  of  the  oord,  as  they 
diverge  laterally  in  order  to  form  the  medulla  oblongata^  leave  be- 
tween them  an  open  space,  which  is  continnons  with  the  posterior 
median  fissure  of  the  cord.  This  space  is  known  as  the  *'  fourth 
ventricle,"  It  is  partially  covered  in  by  the  backward  projection 
of  the  cerebellum^  but  in  the  alligator  is  still  somewhat  open  pos- 
teriorly, presenting  a  kind  of  chasm  or  gap  between  the  two  lateral 
halves  of  the  metlulla  oblongata. 

The  successive  ganglia  which  compose  the  brain,  being  arranged 
in  pairs  as  above  dej^eribed,  are  separated  from  each  other  on  the 
two  sides  by  a  longitudinal  median  fissure,  which  is  continuous 
with  the  posterior  median  fissure  of  the  cord.  In  the  brain  of  the 
alligator  this  fissure  appears  to  be  interrupted  at  the  cerebellura; 
but  in  the  higher  classes,  where  the  lateral  portions  of  the  cerebel- 
lum are  more  highly  developed,  as  in  the  human  subject  (Fig.  127). 
they  are  also  separated  from  each  other  posteriorly  on  the  median 
line,  and  the  longitudinal  median  fissure  is  complete  throughout* 

In  birds,  the  liemispheres  are  of  much  larger  size  than  in  rep- 
tiles, and  partially  conceal  the  optic  ganglia.  The  cerebellum^ 
also,  is  very  well  developed  in  this  chiss,  and  presents  on  its  sor. 

[      face  a  number  of  transverse  foldings  or  convolutions  by  which 

\      the  quantity  of  gray  matter  which 

'      it    contains    is   considerably  in- 

^_creasecL     The    cerebellura    here 

^Bixtends  so  far  backward  as  almost 

^mompletely  to  conceal  the  medulla 

^oblongata  and    the   fourth   ven- 

[     tricle, 

^H[  In  the  quadnipeds,  the  hemis- 

^^heres  and  cerebellum  attain   a 

I      Btill  greater  size  in  proportion  to 
tbe  remaining  parts  of  the  brain. 
There  are  also  two  other  pairs  of 
ganglia,  situated  beneath  the  he- 
mispheres, and  between  them  and 
tbe      tubercula       quadrigemina. 
he«e  are  the  corpora   striata  in 
out  and  the  optic  thalami  behind* 
Fig.  130  is  shown  the  brain  of 
it|  with  the  hemispheres 
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laid  Open  and  turned  aside,  so  as  to  show  the  internal  parta  in  theif 
natural  situation.  The  olfactory  ganglia  are  seen  in  front  (i)  cod* 
nected  with  the  remaining  parts  by  the  olfactory  commissures*  The  I 
separation  of  the  hemispheres  (a,  a)  shows  the  corpora  striata  (i)afl4 
the  optic  thalami  (4),  Then  come  the  tubercula  quadrigerainii  (i]t 
which  are  here  composed,  as  above  mentioned,  of  four  rounded 
masses  nearly  equal  in  size.  The  cerebellum  («)  is  considerably  en- 
larged by  the  development  of  its  lateral  portions,  and  shows  an 
abundance  of  transverse  convolutions.  It  conceals  from  view  tbc 
fourth  ventricle  and  most  of  the  medulla  oblongata. 

In  other  species  of  quadrupeds  the  hemispheres  increase  in  size 
60  as  to  project  entirely  over  the  olfactory  ganglia  in  fronts  and  to  j 
cover  in  the  tubercula  quadrigemioa  and  the  cerebellum  behini 
The  surface  of  the  hemispheres  also  becomes  covered  with  nurac- 1 
rous  convolutions,  which  are  curvilinear  and  somewhat  irr^ilar 
in  form  and  direction,  instead  of  being  transverse,  like  those  of  tb 
cerebellum.     In  man,  the  development  of  the  hemispheres  readies] 
its  highest  point ;  so  that  they  preponderate  altogether  in  sisse  OTcr ' 
the  rest  of  the  ganglia  constituting  the  brain.    In  the  human  brain, 
accordingly,  when  viewed  from  above  downward,  there  is  nothing 
to  be  seen  but  the  convex  surfaces  of  the  hemispheres ;  and  creu 
in  a  posterior  view,  as  seen  in  Fig.  127,  they  conceal  ever3tl)in| 
but  a  portion  of  the  cerebellum.     All  the  remaining  parts,  how- 
ever, exist  even  here,  and  have  the  same  connections  and  relatire 
situation  as  in  other  instances.     They  maj 
best  be  studied  in  the  following  order. 

As  the  spinal  cord*  in  the  human  subject* 
passes  upward  into  the  cranial  cavity,  it  en- 
larges into  the  medulla  oblongata  as  alrei/Jj 
described.  The  meilulla  oblongata  praseou 
on  each  side  three  projections,  two  anterior 
and  one  posterior.  The  middle  projectioM 
on  its  anterior  surface  (Fig.  131,  1,  t^  which 
are  called  the  anterior  pyramids,  are  the  con- 
tinuation of  the  anterior  columns  of  the  cori 
They  pass  onward,  underneath  the  tnmi5VCT» 
fibres  of  the  poos  Varolii,  run  upward  la  thf 
corpora  striata,  pass  through  these  hodiesk 
and  radiate  upward  and  outward  frora  their 
external  surface,  to  terminate  in  the  gnr 
matter  of  the  hemispheres.     The  projections 
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ifnediately  on  the  outside  of  the  anterior  pyramids,  in  the  medalla 
oblongata,  are  the  olivary  hodies  (,,  ^).     Each  contains  in  its  interior 
,  thin  layer  of  gray  matter  folded  njK>n  itself,  forming  a  convoluted 
gnngliot)^  which  is  connected,  by  longitudinal,  radiating  and  trans- 
verse fibres,  with  otlier  parts  of  the  medulla  above  and  below,  and 
irith  the  corresponding  ganglion  of  the  opposite  side. 

The  anterior  columns  of  the  cord  present^  at  the  lower  part  of 
Ibe  medulla  oblongata^  a  remarkable  interchange  or  crossing  of 
Lheir  fibres  Q,  known  as  the  decussotion  of  the  anterior  pyramids, 
is  decussation,  as  shown  by  Mr.  J.  L.  Clarke/  consists  of  fibres 
ierived  from  the  lateral  columns  of  the  cord,  which  cross  obliquely 
'iat  the  median  line,  and  pass  over  to  be  incorporated  with  the  sub* 
stance  of  the  opposite  anterior  columns,  thus  increasing  their  mass 
at  this  point,  and  forming  the  rounded  prominences  known  as  the 
anterior  pyramids.  Thus  the  right  side  of  the  brain  is  connected 
with  the  left  side  of  the  spinal  cord,  and  the  right  side  of  the  spinal 
cord  with  the  left  side  of  the  brain. 

The  posterior  columns  of  the  cord,  as  they  diverge  on  each  side 
of  the  fourth  ventricle,  form  the  posterior  and  lateral  projections  of 
the  medulla  oblongata  (s,  s).  They  are  sometimes  called  the  *^  res- 
tiform  bodies "  and  are  extremely  important  parts  of  the  brain. 
They  consist  in  great  mt^asure  of  the  longitudinal^  filament^s  of 
the  posterior  columns,  which  pass  upward  and  outward,  and  are 
distributed  partly  to  the  gray  matter  of  the  cerebellum.  The 
smainder  then  pass  forward*  underneath  the  tubercula  quadri- 
jemina,  into  and  through  the  optic  thalami ;  and  radiating  thence 
ipward  and  outward,  are  distributed,  like  the  continuation  of  the 
aterior  columns,  to  the  gray  matter  of  the  cerebrum.  The  resti* 
>rm  bodies,  however,  in  passing  upward  to  the  cerebellum,  are 
ipplied  with  some  fibres  from  the  anterior  columns  of  the  cord, 
ich,  leaving  the  lower  portion  of  the  anterior  pyramids,  join  tlie 
tiform  bodies,  and  are  distributed  with  them  to  the  cerebellum. 
froni  this  description  it  will  be  seen  that  both  the  cerebrum  and 
le  cerebellum  are  supplied  with  filaments  from  both  the  anterior 
ind  posterior  columns  of  the  cord. 

In  the  substance  of  each  restiform  body,  moreover,  there  is  im- 
bedde<l  a  ganglion  which  gives  origin  to  the  pneumogastric  nerve, 
and  presides  over  the  functions  of  respiration.  This  ganglion  is 
rruunded  and  covered  by  the  longitudinal  fibres  passing  upward 
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from  the  cord  to  the  cerebellum,  but  may  be  discovered  tj  cuUbg 
into  the  substance  of  the  reatiform  body,  in  which  it  is  boried.  It 
is  the  first  important  ganglion  met  with,  in  dissecting  tb©  bxiili 
from  below  upward. 

While  the  anterior  columns  are  passing  beneath  the  pons  Varolii, 
they  form,  together  with  the  continuation  of  the  posterior  oolamns 
and  the  transverse  fibres  of  the  pons  itself,  a  rounded  promioeaoe 
or  tuberosity,  which  is  known  by  the  name  of  the  tuber  annukrt 
In  the  deeper  portions  of  this  protuberance  there  is  situated,  aniong 
the  longitudinal  fibres,  another  collection  of  gray  matter,  which 
though  not  of  large  size,  has  very  important  functions  and  oounco- 
tions.     This  is  known  as  the  ganglion  of  the  tuber  annnhrt^ 

Situated  almost  immediately  above  these  parts  we  have  the  cor- 
pora striata  in  front,  and  the  optic  thalami  behind,  nearly  equal  ia 
size,  and  giving  passage,  as  above  described,  to  the  fibres  of  tha 
anterior  and  posterior  columns.  Behind  them  still,  and  on  a  little 
lower  level,  are  the  tabercula  quadrigemina,  giving  origin  to  the 
optic  nerves.  The  olfactory  ganglia  rest  upon  the  cribriform  plale 
of  the  ethmoid  bone,  and  send  the  olfactory  filaments  through  lfa€ 
pcrRirations  in  this  plate,  to  be  distributed  upon  the  mucous  mem* 
brane  of  the  upper  and  middle  turbinated  bones.  The  cerebelltini 
9  covers  in  the  fourth  ventrick 

^^^-  '^^^-  and  the  posterior  surface  of  the 

medulla  oblongata ;  and  finafl/ 
the  cerebrum,  which  has  il- 
tained  the  size  of  the  larg^l 
ganglion  in  the  cranial  cavity, 
extends  so  far  in  all  dirtsctionii 
forward,  backward^  and  later- 
ally, as  to  form  a  convolated 
arch  or  vault,  completely  cov?T- 
ing  all  the  remaining  parts  of 
the  encephalon. 

The  entire  brain  may  there* 
fore  be  regarded  as  a  ootinectal 
series  of  ganglia,  the  arraaec* 
ment  of  which  is  shown  in  %ifi 
accompanying  diagram.  (Fig, 
132.)  These  ganglia  occur  ia 
the  following  order,  couatmg 
from  before  backward :  Ist.  The  olfactory  ganglia,  2d.  The  cew- 
brum  or  hemispheres.    3d*  The  corpora  striata,    4th.  The  optia 
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thalami.    5th.  The  tubercula  quadrigemiaa.  6th,    The  cerebeUmTi. 

7th.  The  ganglion  of  the  tuber  annulare.     And  8th.  The  ganglion 

^f  the  medulla  oblongata.     Of  these  ganglia,  only  the  hemispheres 

^Bd  cerebellum  are  convoluted,  while  the  remainder  are  smooth  and 

^Bonded  or  somewhat  irregular  in  shape.     The  course  of  the  fibres 

^Rtning  from  the  anterior  and  posterior  columns  of  the  cord  is  also 

to  be  seea  in  the  accompanying  figure,     A  portion  of  the  anterior 

fibres,  we  have  already  observed,  pass  upward  and  backward,  with 

the  restiform  bodies,  to  the  cerebellum ;  while  the  remainder  run 

^rward  through  the  tuber  annulare  and  the  corpus  striatum,  and 

Bea  radiate  to  the  gray  matter  of  the  cerebrum.     The  posterior 

cbres,  constituting  the  restiform  body,  are  distributed  partly  to  the 

jpebellum,  and  then  pass  forward,  as  previously  described,  tinder- 

fbath  the  tubercula  quadrigemina  to  the  optic  thalmi,  whence  they 

are  also  finally  distributed  to  the  gray  matter  of  the  cerebrum. 

The  cerebrum  and  cerebellum,  each  of  which  is  divided  into  two 
lateral  halves  or  "  lobes,^*  by  the  great  longitudinal  fissure,  are  both 
provided  with  transverse  commissures,  by  which  a  connection  is 
established  between  their  right  and  left  sides.     The  great  trans- 
verse  commissure  of  the  cerebrum  is  that  layer  of  white  substance 
which  is  situated  at  the  bottom  of  the  longitudinal  fissure,  and 
which  is  generally  known  by  the  name  of  the  *'  corpus  callosum." 
It  consists  of  nervous  filaments,  which  originate  from,  the  gray 
matter  of  one  hemisphere,  converge  to  the  centre,  where  they  be- 
come parallel,  cross  the  median  line,  and  are  finally  distributed  to 
K  corresponding  parts  of  the  hemisphere  upon  the  opposite  side. 
e  transverse  commissure  of  the  cerebellum  is  the  pons  Varolii. 
Its  fibres  converge  from  the  gray  matter  of  the  cerebellum  on  one 
Mde,  and  pass  across  to  the  opposite;  encircling  the  tul>er  annulare 
PRth  a  band  of  parallel  curved  fibres,  to  which  the  name  of  *'  pons 
Varolii**  has  been  given  from  their  resemblance  to  an  arched  bridge. 
The  oerebro-spinal  system,  therefore,  consists  of  a  series  of  gan- 
situated  in  the  cranio-spinal  cavities,  connected  with  each  other 
'  transverse  and  longitudinal  commissures,  and  sending  out  nerves 
Hhe  corresponding  parts  of  the  body.    The  spinal  cord  supplies 
integument  and  muscles  of  the  neck,  trunk,  and  extremities; 
iilethe  ganglia  of  the  brain,  besides  supplying  the  corresponding 
of  the  head,  preside  also  over  the  organs  of  special  sense,  and 
^ffarm  various  other  functions  of  a  purely  nervous  character. 
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lese  properties  to  a  certain  extent  for  some  time  afterward.  It  is 
E>nly  when  the  constitution  of  the  tissues  has  become  altered  by 
eing  deprived  of  blood,  and  by  the  consequent  derangement  of 
he  nutritive  process,  that  their  characteristic  properties  are  imally 
Thus,  in  the  muscles,  irritability  and  contractility  may  be 
ilj  shown  to  exist  for  a  short  time  after  death  by  applying  to 
tie  exposed  muscular  fibre  the  same  kind  of  stimulus  that  we  have 
l&lready  found  to  aftect  it  during  life.  It  is  easy  to  see,  in  the 
luscles  of  the  ox,  after  the  animal  has  been  killed,  flayed,  and 
eviscerated,  difi'erent  bundles  of  muscular  fibres  contracting  irregu- 
larly for  a  long  time,  where  they  are  exposed  to  the  contact  of  the 
lir.  Eren  in  the  human  subject  the  same  phenomenon  may  be 
ea  in  cases  of  amputation ;  the  exposed  muscles  of  the  amputated 
limb  frequently  twitching  and  quivering  for  many  minutes  after 
their  separation  from  the  body. 

El     The  duration  of  muscular  irritxibility,  after  death,  varies  consider- 
fkhly  in  difterent  classes  of  animals.     It  disappears  most  rapidly 
in  those  whose  circulation  and  respiration  are  naturally  the  most 
Bctive;  while  it  continues  for  a  longer  time  in  those  whose  circula- 
tion and  respiration  are  sluggish.     Thus  in  birds  the  muscular 
irritability  continues  only  a  few  minutes  after  the  death  of  the 
^hinimah     In  quadrupeds  it  lasts  somewhat  longer ; 
^Hprhile  in  reptiles  it  remains,  under  favorable  cir- 
^Jfenrastances,  for  many  hours.    The  cause  of  this 
difference  is  probably  that,  in  birds  and  quadrupeds, 
L^he  tissues  being  very  vascular,  and  the  molecular 
^Bbhange^  of  nutrition  going  on  with  rapidity,  the 
constitution  of    the  muscular  fibre    becomes  so 
rapidly  altered  after  the  circulation   has  ceased, 
^ihat  its  irritability  soon  disappears.     In  reptiles, 
^B>n  the  other   hand,  the  tissues  are   less  vascular 
^Bhan  in  birds  and  quadrupeds,  and  all  the  nutritive 
^fthanges  go  on  more  slowly.     Respiration  and  cir- 
^pBulation  can  therefore  be  dispensed  with  for  a  longer 
period,  before  the  constitution  of  the  tissues  be- 
3mes  80  much  altered  as  to  destroy  altogether 
leir  vital  properties. 

Owing  to  thin  peculiarity  of  the  cold-bloodad 
aitnals,  their  tissues  may  be  used  with  great  ad- 
itage  for  purposes  of  experiment.     If  a  frog's  leg,  for  example, 
fleparated  from  the  body  of  the  animal  (Fig.  133),  the  skin 
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removed,  and  the  poles  of  a  galvanic  apparatus  applied  to  tliesnr. 
face  of  the  muscle  (a,  h\  a  contraction  takes  place  every  tinwtk 
circuit  is  completed  and  a  discharge  passed  through  the  tiseofidof 
the  limb.     The  leg  of  the  frog,  prepared  in  this  way,  may  be  cm- 
ployed  for  a  long  time  for  the  purpose  of  es^hibiting  the  effect  of 
various  kinds  of  stimulus  upon  the  muscleiL     All  the  mechanical 
and  chemical  irritants  which  we  have  mentioned,  prickings  pincbiBgt 
cauterization,  galvanism^  &c.,  act  with  more  or  le-ss  energj*  and 
promptitude,  though  the  most  efficient  of  all  is  the  electric  discharge 

Continued  irritation  exhausts  the  irritability  of  the  musrjles.    It  1* 
found  that  the  irritability  of  the  muscles  wears  out  afler  death  more 
rapidly  if  they  be  artificially  excited,  than  if  they  be  allowed  to  I 
remain  at  rest     During  life,  tlie  only  habitual  excitant  of  mus- 
cular contraction  is  the  peculiar  stimulus  conveyed  by  the  nerfai  | 
After  death  this  stimulus  may  be  replaced  or  imitated,  to  a  oenaia 
extent,  by  other  irritants;  but  their  application  gradually  t^xhaTUtsj 
the  contractility  of  the  muscle  and  hastens  its  final  disap[ieAmDce. ' 
Under  ordinary  circumstances,  the  post-mortem  irritability  of  lb« 
muscle  remains  until   the  commencement  of  cadaveric   rigiditj. 
WhoD  this  has  become  fairly  established,  the  muscles  will  no  loug/S 
contract  under  the  application  of  an  artificial  stimulus* 

Certain  poisonous  substances  have  the  power  of  destroying  the  | 
irritability  of  the  niuiKilea   by  a  direct  action  upon  their  tisstie. ' 
Sulphocyauide  of  potasi^ium,  for  example,  introduced  into  the  cir- 
culation in  sufficient  quantity  to  cause  death,  destroys  entirely  tl»« 
muscular  irritability,  so  that  no  contraction  can  afterward  bepfO^  I 
duced  by  the  application  of  an  external  stimulant. 

Nm^vous  Irritability.— The  irritability  of  the  nerves  is  the  pro- 1 
perty  by  which  they  may  be  excited  by  an  external  stimulus*  ^u 
to  be  called  into  activity  and  excite  in  their  turn  other  organs  to  j 
which  their  filaments  are  distributed.     When  a  nerve  is  irrit^tel 
tlierefore,  its  power  of  reaction,  or  its  irritability,  can  only  be  cs 
mated  by  the  degree  of  excitement  produced  in  the  o^;L^      *      \ich 
the  nerve  is  distributed.    A  nerve  running  from  the  ini  ^^  to 

the  brain  produces,  when  irritated,  a  painfol  sensation;  one  did*! 
tributed  to  a  glandular  organ  produces  increased  secretion :  • 
tributed  to  a  muscle  produces  contraction.  Of  all  these  .,.- 
muscular  contragtion  is  found  to  be  the  best  test  and  meosaTeofl 
nervous  irrital)ility,  for  pur|)oses  of  experiment.  Sensation  eaiuiOl| 
of  course  be  relied  on  for  this  puqjose^  since  both  consciou!<ue^  aotll 
volition  are  aboli:3hed  at  the  time  of  death.    The  activity  o(  th«| 
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glandular  organs,  owing  to  the  stoppage  of  the  circulation,  disappears 
ilso  very  rapidly,  or  at  least  cannot  readily  be  demonstrated.  7^he 
jntractility  of  the  muscles^  however,  lasts,  as  we  have  seen,  for  a 
[^nsiderable  time  afcr  death,  and  may  accordingly  be  employed 
rith  great  readiness  as  a  test  of  nervous  irritability.  The  manner 
of  its  employment  is  as  follows : — 

The  leg  of  a  frog  is  separated  from  the  body  and  stripped  of  its 
itegument;  the  sciatic  nerve   having   been   previously  dissected 

and  cut  off  at  its  point  of  emergence  from  the 
>inal  canali  so  that  a  considerable  portion  of  it 
remains  in  connection  with  the  separated  limb. 
[Fig.  IM.)  If  the  two  pole^  of  a  galvanic  appa- 
ratus be  now  placed  in  contact  with  different 
points  (a  h)  of  the  exposed  nerve,  and  a  discharge 
allowed  to  pass  between  them,  at  the  moment 
of  discharge  a  sudden  contraction  takes  place  in 
the  muscles  below.  It  will  be  seen  that  this  ex- 
>periment  is  altc»gether  different  from  the  one  re- 
ented  in  Fig.  133.  In  that  experiment  the 
Ivanic  discharge  passes  through  the  muscles 
themselves,  and  acts  upon  them  by  direct  stim- 
Ilere,  however,  the  discharge  passes  only 
>m  a  to  i  through  the  tissues  of  the  nerve,  and 
cts  directly  upon  the  nerve  alone ;  while  the 
aerve,  acting  upon  the  muscles  by  its  own  pecu- 
agency,  causes  in  this  way  a  muscular  con- 
*  traction.  It  is  evident  tliat  in  order  to  produce 
this  efiect,  two  conditions  are  equally  essential :  1st. 
le  irritability  of  the  muscles ;  and  2d.  The  irri- 
abiUty  of  the  nerve.  So  long,  therefore,  as  the 
muscles  are  in  a  healthy  condition,  their  contraction,  under  the 
influence  of  a  stimulus  applied  to  the  nerve,  demonstrates  tlie  irri- 
jiability  of  the  latter,  and  may  be  used  as  a  convenient  measure  of 
intensity. 

Th€  irrUahiliiy  of  the  nerve  conimues  after  death.     The  knowledge 
&f  this  fact  follows  from  what  has  just  been  said  with  regard  to  ex- 
ariraenting  upon  the  frog's  leg,  prepared  as  above.     The  irrita- 
bility of  the  nerve,  like  that  of  the  muscle,  depends  directly  upon 
Qatomical  structure  and  constitution ;  and  so  long  as  these  re- 
unimpaired,  the  nerve  will  retain  its  vital  properties,  though 
Tespiration  and  circulation  may  have  ceased.    For  the  same  reason. 
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alsOi  as  that  given  above  with  regard  to  the  muscles^  nervoag  irn- 
lability  laats  much  longer  after  death  iu  the  cold-blooded  limn  in 
the  warm-blooded  animals.  Various  artificial  irritants  may  be  m- 
ployed  to  call  it  into  activity.  Pinching  or  prickiog  the  exposed 
nerve  with  steel  instruments,  the  application  of  caustic  liquids,  and 
the  passage  of  galvanic  discharges,  all  have  this  eflect.  The  electric 
current,  however,  ia  much  the  betst  means  to  employ  for  this  pur« 
pose,  since  it  is  more  delicate  in  its  operation  than  the  others^  and 
will  conlinnc  to  succeed  for  a  longer  time. 

The  nerve  is,  indeed,  so  exceedingly  sensitive  to  the  electric  cur- 
rent, that  it  will  respond  to  it  when  insensible  to  all  other  kinds  of 
stimulus,  A  frog's  leg  freshly  prepared  with  the  nerve  atlachi?! 
as  in  Fig.  134,  will  react  so  readily  whenever  a  discharge  is  pjisseA 
through  the  nerve,  that  it  forms  an  extremely  delicate  instruinent 
for  detecting  the  presence  of  eleciric  currents  of  low  intensitVi  and 
has  even  been  used  for  this  purpose  by  Matteucci.  under  the  iiKme 
of  the  "galvanoscopic  frog,"  It  is  only  necessary  to  introduce  the 
nerve  as  part  of  the  electric  circuit ;  and  if  even  a  very  feeble  cur- 
rent be  present,  it  is  at  once  betrayed  by  a  muscular  contraction. 

The  superiority  of  electricity  over  other  means  of  exciting  nerv- 
ous action,  such  as  mechanical  violence  or  chemical  agents,  pro- 
bably depends  upon  the  fact  that  the  latter  necessarily  alter  and 
disintegrate  more  or  less  the  substance  of  the  nerve,  so  that  its  irri* 
tability  soon  disappears.  The  electric  current,  on  the  other  hand, 
excites  the  nervous  irritability  without  any  marked  injury  to  the 
substance  of  the  nervous  fibre.  Its  action  may,  therefore,  be  cod* 
tinned  for  a  louger  period. 

Nervous  iTritabiUiy^  like  that  of  the  mttschs,  is  exkatisted  by  repeat^ 
e:ccUemenL  If  a  frog's  leg  be  prepared  as  above,  with  tlie  sciatic 
nerve  attiiched,  and  allowed  to  remain  at  rest  in  a  damp  and  cx?ol 
place,  where  its  tissue  will  not  become  altered  by  desiccation,  the 
nerve  will  remain  irritable  for  many  hours;  but  if  it  be  excited, 
soon  after  its  separation  from  the  body,  by  repeated  galvanic  shocks^ 
it  soon  begins  to  react  with  diminished  energy,  and  becomes  gt*- 
dually  less  and  less  irritable,  until  it  at  last  ceases  to  exhibit  fcny 
further  excitability.  If  it  be  no%v  allowed  to  remain  for  a  timeii 
rest,  its  irritability  will  be  partially  restored;  and  muscular  cotitrae' 
tion  will  again  ensue  on  the  application  of  a  stimulus  to  the  nerm 
Exhausted  a  second  time,  and  a  second  time  allowed  to  rt^puee^il 
will  again  recover  itself;  and  this  may  even  be  repeatixi  several 
times  m  succession.    At  each  repetition,  however,  the  recovcrj  of 
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Brvous  irritability  is  less  complete,  until  it  finally  disappears  alto- 
»ther,  and  can  no  longer  be  recalled. 

Various  accidental   circumstauces  tend  to  diminisb  or  destroy 

nervous  irritability.     Tbe  action  of  the  woorara  poison,  for  example, 

destroys  at  once  the  irritability  of  the  nerves ;  so  that  in  animals 

killed  by  this  substance,  no  muscular  contraction  takes  place  on 

irritating  the  nervous  trunk.     Severe  and  sudden  mechanical  inju- 

pes  often  have  the  same  effect;  as  where  death  is  produced  by 

Violent  and  extensive  crushing  or  laceration  of  the  body  or  limbs. 

puch  an  injury  produces  a  general  disturbance,  or  shock  as  it  is 

EiUedi  which  affects  the  entire  nervous  system,  and  destroys  oi 

ispends  its  irritability.    The  effects  of  such  a  nervous  shock  may 

requently  be  seen  in  the  human  subject  after  railroad  accidents^ 

where  the  patient^  though  yerj  extensively  injured,  may  remain 

Hbr  some  hours  without  feeling  the  pain  of  his  wounds.     It  is  only 

Kfler  reaction  has  taken  place,  and  the  activity  of  the  nerves  has 

Hteen  restored,  that  the  patient  begins  to  be  sensible  of  pain. 

It  will  often  be  found,  on  preparing  the  frog's  leg  for  experiment 
as  above,  that  immerliately  after  the  limb  has  been  separated  from 
the  body  and  the  integument  removed,  the  nerve  is  destitute  of 
ritability.  Its  vitality  has  been  suspended  by  the  violence  in- 
licted  in  the  preparatory  operation.  In  a  few  moments,  however, 
,J(ept  under  favorable  conditions,  it  recovers  from  the  shock,  and 

ins  its  natural  irritability* 
The  action  of  the  galvanic  current  upon  the  nerves,  as  first  shown 
by  the  experiments  of  Matteucci,  is  in  many  respects  peculiar.  If 
the  current  be  made  to  traver^^e  the  nerve  in  the  natural  direction 
of  its  fibres,  viz.,  from  its  origin  towards  its  distribution,  as  from  a 
to  6  in  Fig.  134,  it  is  called  the  direct  current,  li*  it  be  made  to 
in  the  contrary  direction,  as  from  b  to  a,  it  is  called  the  rnvf^rse 
irrent.  When  the  nerve  is  fresh  and  exceedingly  irritable,  a 
ijular  contraction  takes  place  at  both  the  commencement  and 
ikinalion  of  the  current,  whether  it  be  direct  or  inverse.  But 
3ry  soon  afterward,  when  the  activity  of  the  nerve  has  become 
>mewhat  diminished,  it  will  be  found  that  contraction  takes  place 
ily  at  the  comrmncemeni  of  the  direct  and  at  tbe  termination  of  the 
%verse  current.  This  may  readily  be  shown  by  preparing  the  two 
^gs  of  the  same  frog  in  such  a  manner  that  they  remain  connected 
ritli  each  other  by  the  sciatic  nerves  and  that  portion  of  the  spiual 
ooluDin  from  which  these  nerves  take  their  origin.  The  two  legs, 
prepared,  should  be  placed  each  in  a  vessel  of  water,  with  the 
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nervous  connection  hanging  between,  (Fig.  185.)  If  tbe  p(mtive 
pole/  a,  of  the  batterj  be  now  placed  in  the  vessel  which  holds  le^ 
No.  1^  and  the  negative  pole,  bj  in  that  containing  leg  No.  %  it  will 
be  seen  that  the  galvanic  current  will  traverse  the  two  legs  io  op- 
posite directions.  In  No.  1,  it  will  pass  in  a  direction  contrary  U) 
the  course  of  its  nervous  fibres,  that  is,  it  will  be  for  this  leg  wi 


Fig.  135, 


)i 


inverse  cnvvent;  while  in  No.  2  it  will  pass  in  the  same  direcdon 
with  that  of  the  nervous  fibres^  that  is,  it  will  be  for  this  leg  a  dimi 
current.  It  will  now  be  found  that  at  the  moment  when  the  cir- 
cuit is  completed,  a  contraction  takes  place  in  No.  2  by  the  direct 
current,  while  No.  1  remains  at  rest ;  but  at  the  time  the  circuit  is 
broken,  a  contraction  is  produced  in  No,  1  by  the  inverse  current* 
but  no  movement  tiikes  place  in  No,  2,  A  succession  of  alternale 
contractions  may  thus  be  produced  in  the  two  legs  by  repeatedif 
closing  and  opening  the  circuit.  If  the  position  of  the  poles^  a;4 
be  reversed,  the  eftccts  of  the  current  will  be  ob&nged  in  a  oorrt- 
sponding  manner. 

After  a  nerve  has  become  exhausted  by  the  direct  current,  tl  ii 
still  sensitive  to  the  in%^erse;  and  after  exhaustion  by  the  inver«t 
it  is  still  sensitive  to  the  direct.  It  has  even  been  found  by  Ma^ 
teucci  that  after  a  nerve  has  been  exhausted  for  the  time  by  tbedinci 
current,  Ihe  return  of  its  irritability  is  hastened  by  the  sabdeqtim 
passage  of  the  inverse  current;  so  that  it  will  become  acmtn  sen 
tive  to  the  direct  current  sooner  than  if  allowed  to  remain  uX  rcA 
Nothing,  accordingly,  is  so  exciting  to  a  nerve  as  the  pttsoige 
direct  and  inverse  currents^,  alternating  with  each  other  in  fujii 
succession.     Such  a  mode  of  applying  the  electric  stimulus  i*  ihil 
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tisually  adopted  in  the  galvanic  machines  used  in  medical  practice, 

for  the  treatment  of  certain  paralytic  affections.  In  these  machines, 
fthe  electric  circuit  is  alternately  formed  and   broken  with  great 

rapidity,  thua  producing  the  greatest  efiect  upon  the  nerves  mih 
Kihe  srauHest  expenditure  of  electricity.  Such  alternating  currents, 
Hbowever,  if  very  powerful,  exhaust  the  nervous  irritability  more 
Hrapidly  and  completely  than  any  other  kind  of  irritation ;  and  in 

an  animal  killed  by  the  action  of  a  battery  used  in  this  manner,  the 

k  nerves  may  be  found  to  be  entirely  destitute  of  irritability  from  the 
moment  of  death. 
77ie  irritability  of  the  nerves  is  distinct  from  that  of  the  mtisctes;  and 
'      the  two  may  be  destroyed  or  suspended  independently  of  each  other. 
When  the  frog^s  leg  has  been  prepared  and  separated  from  the 
body,  with  the  sciatic  nerve  attached,  the  muscles  contract^  as  we 
have  seen,  whenever  the  nerve  is  irritated.     The  irritability  of  the 
nerve,  therefore,  is  manifested  in  this  instance  only  through  that  of 
the  muscle,  and  that  of  the  muscle  is  called  into  action  only  through 
that  of  the  nerve.    The  two  properties  may  be  separated  from  each 
other,  however,  by  the  action  of  woorara,  which  has  the  power,  as 
^  first  pointed  out  by  Bernard,  of  destroying  the  irritability  of  the 
^KDerve  without  affecting  that  of  the  muscles.     If  a  frog  be  poisoned 
Hby  this  substance,  and  the  leg  prepared  as  above,  the  poles  of  a 
^^galvanic  battery  applied  to  the  nerve  will  produce  no  effect*  show- 
Hiing  that  the  nervous  irritability  has  ceased  to  exist.     But  if  the 
galvanic  discharge  be  passed  directly  through  the  muscles,  contrac- 
tion at  once  takes  place.     The  muscular  irritability  has  survived 
that  of  the  nerves,  and  must  therefore  be  regarded  as  essentially 
distinct  from  it. 

It  will  be  recollected,  on  the  other  hand,  that  in  cases  of  death 
I      from  the  action  of  sulphocyanide  of  potassium^  the  muscular  irri- 
Btability  is  itself  destroyed ;  so  that  no  contractions  occur,  even  when 
the  galvanic  discharge  is  made  to  traverse  the  muscular  tissue. 

There  are,  therefore,  two  kinds  of  paralysis :  first,  a  muscular 
paralysis,  in  which  the  muscular  fibres  themselves  are  directly 
affected ;  and  second,  a  nervous  paralysis,  in  which  the  affection  is 
?nfined  to  the  nervous  filaments,  the  muscles  rctaiDing  their  natural 
)roperties,  and  being  still  capable  of  contracting  under  the  influence 
rf  a  direct  stimulus. 

Bnpidity  of  the  Nervous  Force, — Some  very  ingenious  experi- 
lenls  have  been  performed  by  Helmholtz,*  in  order  to  determine 
^  CompteB  Keudus  de  VAond^mte  des  Sciences.     Vol.  xxxiii.  p.  202. 
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the  rapidity  with  whicli  a  stimulus  is  transmitted  tlurongh  tie 
nervous  fibre.  These  experiments  not  only  show  thai  a  cjertaiii 
interval  of  time  is  required  for  this  transmission,  but  indteate  alflo 
in  an  approximate  manner  the  measurement  of  ita  rapidity  for  dif- 
ferent distances.  Uelmholtz  exposed  the  muscle  of  a  recently 
killed  animal  with  the  nerve  attached.  He  first  passed  an  electric 
discharge  throui^h  the  muscle  it«elf,  and  found  that  only  jj^  of  a 
second  intervened  between  the  electric  discharge  and  the  mugcolar 
contraction.  He  then  applied  the  electric  stimulus  to  the  neire 
in  the  immediate  neighborhood  of  the  muscle,  and  found  that  the 
previous  interval  was  not  perceptibly  increased.  But  if  the  poles 
of  the  battery  were  applied  to  the  nerve  at  various  distances  from 
the  muscle,  the  interval  between  the  electric  discharge  and  tbe 
muscular  contraction  became  longer,  as  the  length  of  the  nervous 
branch  transmitting  the  impulse  was  increased,  Helmholtz  aaoer- 
tained  in  this  way  that  the  rapidity  of  transmission  of  the  motor 
impulse  in  the  nerves  of  the  frog  was  a  little  over  eighty-five  foci 
per  second.  If  this  represents  also  the  rapidity  of  the  nervx)Ui8 
force  in  the  human  subject,  and  if  we  regard  the  distance  from  tbe 
origin  of  the  nerves  in  the  brain  to  their  termination  in  the  mus- 
cles of  the  foot  as  five  feet^  the  time  required  to  transmit  the  ner- 
vous impulse  from  the  brain  to  these  muscles  would  be  one-sevea- 
teenth  of  a  second. 

Nature  of  the  Nen^ou^  Force. — The  special  endowment  by  whicli 
a  nerve  acts  and  manifests  its  vitality  is  a  peculiar  one,  inherent  ia 
the  anatomical  structure  and  constitution  of  the  nervous  tissue.  It  m 
manifested,  in  the  foregoing  experiments,  by  its  effect  upon  the  COQ- 
tractile  muscles.  But  we  shall  hereafter  see  that  this  .is,  in  reaGtf, 
only  one  of  its  results,  and  that  it  shows  itself,  during  life,  by  • 
variety  of  other  influences.  Thus  it  produces,  in  one  case,  seoan- 
tion;  in  another,  muscular  contraction;  in  another,  increased  or 
modified  glandular  activity;  in  another,  alterations  in  the  pheno- 
mena of  the  circulation.  The  force,  however,  which  is  exerted  bf 
a  nerve  in  a  state  of  activity,  and  which  brings  about  these  changei^ 
is  not  directly  appreciable  in  any  way  by  the  senses^  and  can  be 
judged  of  only  by  its  secondary  effects.  We  understand  enongli 
of  its  mode  of  operation,  to  know  that  it  is  not  identical  i^ith  the 
forces  of  chemical  affinity,  of  mechanical  action,  or  of  electricity. 

And  yet^  by  acting  upon  the  organs  to  which  the  nerves  w 
distributed,  it  will  fiDally  produce  phenomena  of  all  these  difieiiail 
kinds.     By  the  intervention  of  the  muscles,  it  results  m  mecbamoil 
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action ;  and  by  its  influence  upon  the  glands  and  bloodvessels,  it 
causes  chemical  alterations  in  the  animal  fluids  of  the  most  import- 
ant character. 

It  will  even  produce  well-marked  electrical  phenomena,  which 
in  some  cases  are  so  decided,  as  to  have  long  attracted  the  attention 
of  physiologists. 

It  has  been  fully  demonstrated  that  certain  fish  (gymnotus  and 
torpedo)  have  the  power  of  generating  electricity,  and  of  producing 
electric  discharges,  which  are  often  sufficiently  powerful  to  kill 
small  animals  that  may  come  within  their  reach.  That  the  force 
generated  by  these  animals  is  in  reality  electricity,  is  beyond  a 
doubt.  It  is  conducted  by  the  same  bodies  which  serve  as  con- 
ductors for  electricity,  and  is  stopped  by  those  which  are  non-con- 
ductors of  the  same.  All  the  ordinary  phenomena  produced  bj 
the  electric  current,  viz :  the  heating  and  melting  of  a  fine  con- 
ducting wire,  the  induction  of  secondary  currents  and  of  magnetism, 
the  decomposition  of  saline  solutions,  and  even  the  electric  spark. 
have  all  been  produced  by  the  force  generated  by  these  animals. 
There  is,  accordingly,  no  room  for  doubt  as  to  its  nature. 

The  electrical  phenomena,  in  these  cases,  are  produced  by  certain 
organs  which  are  called  into  activity  by  the  nervous  influence. 

The  electrical  organs  of  the  gymnotus  and  torpedo  occupy  a  con- 
siderable portion  of  the  body,  and  are  largely  supplied  with  nerves 
which  regulate  their  function.  If  these  nerves  be  divided,  tied,  or 
injured  in  any  way,  the  electrical  organ  is  weakened  or  paralyzed, 
just  as  the  muscles  would  suffer  if  the  nerves  distributed  to  them 
were  subjected  to  a  similar  violence.  The  electricity  produced  by 
these  animals,  accordingly,  is  not  supplied  by  the  nerves,  but  by  a 
special  generating  organ,  the  action  of  which  is  regulated  by  nerv- 
ous influence. 
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CHAPTER    III, 


THE   SPINAL    CORD- 


We  have  already  seen  that  tlie  spinal  cord  is  a  long  ganglid 
covered  with  longitudinal  bundles  of  nervous  filaments,  and  occu- 
pying the  cavity  of  the  spinal  canal.  It  sends  out  nerves  which 
supply  the  muscles  and  integument  of  at  least  nine-tenths  of  the 
whole  body,  viz.,  those  of  the  neck,  trunk,  and  extremities.  All 
these  parts  of  the  body  are  endowed  with  two  very  remarkable 
properties,  the  exercise  of  which  depends,  directly  or  indirectly, 
npon  the  integrity  and  activity  of  the  spinal  cord,  viz,,  the  power 
of  sensation  and  the  power  of  motion.  Both  these  properties  are 
said  to  reside  in  the  nervous  system,  because  they  are  so  readily 
influenced  by  its  condition,  and  are  so  closely  connected  with  its 
physiological  action.  We  shall  therefore  commence  the  study  of 
the  spinal  cord  with  an  examination  of  these  two  functions,  and  of 
the  situation  which  they  occupy  in  the  nervous  system. 

Sensation. — ^The  power  of  sensation,  or  sensibility,  is  fhe  power 
by  which  we  are  enabled  to  receive  impressions  from  external 
objects*  These  impressions  are  usually  of  such  a  nature  that  we 
can  derive  from  them  some  information  in  regard  to  the  qualities 
of  external  objects  and  the  effect  which  they  may  produce  npon 
our  own  systems.  Thus,  by  bringing  a  foreign  body  into  contact 
with  the  skin,  we  feel  that  it  is  hard  or  soft,  rough  or  smooth,  cold 
or  warm.  We  can  distinguish  the  separate  impressions  produced 
by  several  bodiej3  of  a  similar  character,  and  we  can  perceive  whe- 
ther either  one  of  them,  while  in  contact  with  the  skin,  be  at  rest 
or  in  motion.  This  power,  which  is  generally  distributed  over  the 
external  integument,  is  dependent  on  the  nervous  filaments  rami- 
fying in  its  tissue.  For  if  the  nerves  distributed  to  any  part  of  the 
body  be  divided,  the  power  of  sensation  in  the  corresponding  region 
is  immediately  lost 
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The  sensibility,  thus  distributed  over  the  integument,  varies  in 
its  acuteness  in  different  parts  of  the  body.    Thus,  the  extremities 
of  the  fingers  are  more  sensitive  to  external  impressions  than  the 
general  surface  of  the  limbs  and  trunk.    The  surfaces  of  the  fingers 
"wliich  lie  in  contact  with  each  other  are  more  sensitive  than  their 
dorsal  or  palmar  surfaces.    The  point  of  the  tongue,  the  lips,  and 
the  orifices  of  most  of  the  mucous  passages  are  endowed  with  a 
sensibility  which  is  more  acute  than  that  of  the  general  integument. 
If  the  impression  to  which  these  parts  are  subjected  be  harsh  or 
violent  in  its  character,  or  of  such  a  nature  as  to  injure  the  texture 
of  the  integument  or  its  nerves,  it  then  produces  a  sensation  of  pain. 
It  is  essential  to  notice,  however,  that  the  sensation  of  pain  is  not 
a  mere  exaggeration  of  ordinary  sensitive  impressions,  but  is  one 
of  quite  a  different  character,  which  is  superadded  to  the  others,  or 
takes  their  place  altogether.    Just  in  proportion  as  the  contact  of  a 
foreign  body  becomes  painful,  our  ordinary  perceptions  of  its  phy- 
sical properties  are  blunted,  and  the  sense  of  suffering  predominates 
over  ordinary  sensibility.    Thus  if  the  integument  be  gently  touched 
'^th  the  blade  of  a  knife  we  easily  feel  that  it  is  hard,  cold,  and 
suiooth ;  but  if  an  incision  be  made  with  it  in  the  skin,  we  lose  all 
distinct  perception  of  these  qualities,  and  feel  only  the  suftering 
produced  by  the  incision.    We  perceive,  also,  the  difference  in 
^niperature  between  cold  and  warm  substances  brought  in  contact 
^v^th  the  skin,  so  long  as  this  difference  is  moderate  in  degree ;  but 
^^  a  foreign  body  be  excessively  cold  or  excessively  hot,  we  can 
^Q    longer  appreciate  its  temperature  by  the  touch,  but  only  its 
^^jurious  and  destructive  effect.    Thus  the  sensation  caused  by 
^^^ching  frozen  carbonic  acid  is  the  same  with  that  produced  by  a 
^""^^-hot  metal.    Both  substances  blister  the  surface,  but  their  actual 
^laaperatures  cannot  be  distinguished. 

It  is,  therefore,  a  very  important  fact  in  this  connection,  that  ihe 
^^^^^ibility  to  pain  is  distinct  from  tfie  power  of  ordinary  sensation.   This 
distinction  was  first  fully  established  by  M.  Beau,  of  Paris,  who  has 
^Uown  conclusively  that  the  sensibility  to  pain  may  be  diminished 
^^  suspended,  while  ordinary  sensation  remains.    This  is  often  scon 
^  patients  who  are  partially  under  the  influence  of  ether  or  chlo- 
^form.    The  etherization  may  be  carried  to  such  an  extent  that 
ftie  patient  may  be  quite  insensible  to  the  pain  of  a  surgical  opera- 
tion, and  yet  remain  perfectly  conscious,  and  even  capable  of  feeling 
the  incisions,  ligatures^  &c.,  though  he  does  not  suffer  from  them. 
It  not  nnfrequently  happens,  also,  when  opium  has  been  adminis- 
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tered  for  the  relief  of  neuralgia,  that  the  pain  is  completely  abolblbci 
by  the  influence  of  the  drug,  while  the  patient  retains  compWtely 
his  consciouaness  and  his  ordinary  sensibility* 

lu  all  cases,  however,  if  the  influence  of  the  narcotic  be  pushed 
to  its  extreme,  both  kinds  of  sensibility  are  suspended  together,  and 
the  patient  becomes  entirely  unconscious  of  external  impressions 


Motion. — Wherever  muscular  tissue  exists,  in  any  part  of  tie 
body,  we  find  the  power  of  motion,  owing  to  the  contractility  of 
the  muscular  fibres.  But  this  power  of  motion,  as  we  iiAve  alnsadf 
seen,  is  dependent  on  the  nervous  system.  The  excitement  whidi 
causes  the  contraction  of  the  muscles  is  transmitted  to  them  by  tli9 
nervous  filaments ;  and  if  the  nerve  supplying  a  muscle  or  a  Hmb 
be  divided  or  seriously  injured,  these  parts  are  at  once  [>aralyxed 
and  become  incapable  of  voluntary  movement.  A  nerve  wlii 
when  irritated,  acts  directly  upon  a  muscle,  producing  contraction, 
is  said  to  be  excitable ;  and  its  excitability,  acting  through  the  mus- 
cle, produces  motion  in  the  part  to  which  it  is  distributed. 

The  excitability  of  various  nerves,  however,  often  acts  during 
life  upon  other  organs,  beside  the  muscles;  and  the  ultimate  eflkt 
varies,  of  course,  with  the  properties  of  the  organ  which  is  aded 
upon.  Thus,  the  nervous  excitement  transmitted  to  a  muscle  pro- 
duces contraction,  wliile  that  transmitted  to  a  gland  prodooesail 
increased  secretion,  and  that  conveyed  to  a  vascular  sorlace  tasum 
congestion.  In  all  such  instances,  the  efieet  is  produced  by  ai 
influence  transmitted  by  the  nerve  directly  to  the  organ  which  if 
called  into  activity. 

But  in  all  the  external  parts  of  the  body  muscular  conlfadte 
if  the  most  marked  and  palpable  effect  produced  by  tb©  direfll 
influence  of  nervous  excitement.  We  find,  therefore,  that  so  6r 
as  we  have  yet  examined  it,  the  nervous  action  shows  itself  prioo* 
pally  in  two  distinct  and  definite  forms;  first,  as  senstl^iliiif,  orlks 
power  of  sensation,  and  second,  as  excitahiUty  or  the  pow€r  of  p«^ 
ducing  motion* 

Distinct  Seat  op  Seksatiox  and  Motion  m  thk  Nebvoos 
System. — Sensation  and  motion  are  usually  the  first  fooctioQS 
which  suffer  by  any  injury  inflicted  on  the  nervous  syetem.  Aft 
general  rule,  they  are  both  suspended  or  impaired  at  the  sametimi^ 
and  in  a  nearly  equal  degree.  In  a  fainting  fit,  an  attack  of  ^f^ 
plexy,  concussion  or  compression  of  the  brain  or  spinal  cord,  ori 
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ound  of  any  kind  involving  the  nerves  or  nervous  centres,  iiisen- 
bility  and  loss  of  motion  usually  appear  simultaneously.     It  is 
^difficult,  therefore,  under  ordinary   conditions,  to   trace   out  the 
separate  action  of  these  two  functions,  or  to  ascertain  the  precise 
ituation  occupied  by  each. 
This  difficulty,  however,  may  be  removed  by  examining  sepa- 
tely  difierent  parts  of  the  nervous   system.     In   the   instances 
leotioned  above,  the  injury  which  is  inflicted  is  comparatively  an 
tnsive  one,  and  involves  at  the  same  time  many  adjacent  parts, 
ut  instances  sometimes  occur  in  which  the  two  functions,  sensa- 
tion and  motion,  are  affected  independently  of  each  other,  owing  to 
the  peculiar  character  and  situation  of  the  injury  inflicted.     Sensa- 
tion may  be  impaired  without  loss  of  motion,  and  loss  of  motion 
may  occur  without  injury  to  sensation.    In  tic  douloureux,  for 
example,  we  have  an  exceedingly  painful  affection  of  the  sensitive 
parts  of  the  face,  without  any  impairment  of  its  power  of  motion; 
and  in  facial  paralysis  we  often  see  a  complete  loss  of  motion  aftect- 
ing  one  side  of  the  face,  while  the  sensibility  of  the  part  remains 
altogether  unimpaired. 

The  above  facts  first  gave  rise  to  the  belief  that  sensation  and 
motion  might  occupy  distinct  parts  of  the  nervous  system ;  since  it 
would  otherwise  be  diiEcult  to  understand  how  the  two  could  be 
afiected  independently  of  each  other  by  anatomical  lesions.  It  has 
accordingly  been  fully  established  by  the  labors  of  Sir  Charles  Bell, 

E[agendie,  Miiller,  Panizza,  and  Longet,  that  the  two  functions  do  in 
sality  occupy  distinct  parts  of  the  nervous  system* 
If  any  one  of  the  spinal  nerves,  in  the  living  animal,  after  being 
cposed  at  any  part  of  its  course  outside  the  spinal  canal,  be  divided, 
gatured,  bruised,  or  otherwise  seriously  injured,  paralysis  of  motion 
and  loss  of  sensation  are  immediately  produced  in  that  part  of  the 
body  to  which  the  nerve  is  distributed.  If,  on  the  other  hand,  the 
same  nerve  be  pricked,  galvanized,  or  otherwise  gently  irritated,  a 
painful  sensation  and  convulsive  movements  are  produced  in  the 
a^me  parts.  The  nerve  is  therefore  said  to  be  both  sensitive  and 
Uahle;  sensitive,  because  irritation  of  its  fibres  produces  a  pain- 
1  sensation,  and  excitable,  because  the  same  irritation  causes  mus- 
cular contraction  in  the  parts  below. 

The  result  of  the  experiment,  however,  w^ill  be  different  if  it  be 

,ed  upon  the  parts  situated  inside  the  spinal  canal,  and  particularly 

n  the  anterior  and  posterior  roots  of  the  spinal  nerves.     If  an 

itation  be  applied,  for  example,  to  the  anterior  root  of  a  spinal 
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nerve,  in  the  living  animal,  convulsive  movements  are  produced  io 
the  parte  below,  but  there  is  no  painful  sensation*    The  aciterior 
root  accordingly  is  said  to  be  excitable,  but  not  sensitive.     If  it 
posterior  root,  on  the  other  hand,  be  irritated,  acute  pain  is  pr 
duced,  but  no  convulsive  movements.    The  posterior  root  is  the 
fore  sensitive,  but  not  excitable.     A  similar  result  is  obtained  by  J 
complete  division  of  the  two  roots.    Division  of  the  anterior 
produces  paralysis  of  motion,  but  no  insensibility;  division  of  the 
posterior  root  produces  complete  loss  of  sensibility,  but  no  muscukri 
paralysis. 

We  have  here,  then,  a  separate  localization  of  sensation  and 
motion  in  the  nervous  system ;  and  it  is  accordingly  easy  to  under- 
stand how  one  may  be  impaired  without  injury  to  the  other,  or 
how  both  may  be  simultaneously  affected,  according  to  the  situation 
and  extent  of  the  anatomical  lesion. 

The  two  roots  of  a  spinal  nerve  differ  from  each  other,  further- 
more, in  their  mode  of  transmitting  the  nervous  impulse.     If  the^ 
posterior  root  be  divided  (Fig.  136)  at  a  i,  and  an  irritation  applied  i 

Pig.  186. 


Blu^rvm  or  Spiral  Co»p  axd  Kbrfis.     Tiie  poiteiior  root  li  m«d  divided  itt  it,  K 
MDtertur  ftt  f,  fi. 


to  the  separated  extremity  (<t)»  no  effect  will  be  produced;  but 
the  irritation  be  applied  to  the  attached  extremity  (i),  a  patnfuE 
sensation  is  immediately  the  result.  The  nervous  force,  therefore^ 
travels  in  the  posterior  root  from  without  inward,  but  cannot  pas* 
from  within  outward.  If  the  anterior  root,  on  the  other  hand,  ho\ 
divided  at  c,  d,  and  its  attached  extremity  (rf)  irritated,  no  effcci 
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follows;  but  if  the  separated  extremity  (c)  be  irritated,  convulsive 
movementB  instantly  take  place.     The  nervous  force,  consequently, 
tx"^avel8  in  the  anterior  root  from  within  outward,  but  cannot  pass 
firc^m  without  inward. 

The  same  thing  is  true  with  regard  to  the  transmission  of  sensa- 
ti  <3ii  and  motion  in  the  spinal  nerves  outside  the  spinal  canal  If 
ozmeof  these  nerves  be  divided  in  the  living  animal,  and  its  attached 
e:3^tremity  irritated,  pain  is  produced,  but  no  convulsive  motion;  if 
tYikC  irritation  be  applied  tc^  its  separated  extremity,  muscular  con- 
tx'sactions  follow,  but  no  painful  sensation. 

There  are,  therefore,  two  kinds  of  filaments  in  the  spinal  nerves, 
not  distinguishable  by  the  eye,  but  entirely  distinct  in  their  charac- 
ter and   function,  viz.,  the  "sensitive'*  filaments,  or   those  which 
oouvey  sensation,  and  the  "motor'^  filaments,  or  those  which  excite 
m.oirement.    These  filaments  are  never  confounded  with  each  other 
io  their  action,  nor  can  they  perform  each  other's  functions.     The 
sensitive  filaments  convey  the  nervous  force  only  in  a  centripetal, 
tlie  motor  only  in  a  centrifugal  direction.    The  former  preside  over 
S€;nsation,  and  have  nothing  to  do  with  motion ;  the  latter  preside 
over  motion,  and  have  nothing  to  do  vnih  sensation.     Within  the 
spinal  canal  the  two  kinds  of  filaments  are  separated  from  each 
other,  constituting  the  anterior  and  posterior  roots  of  each  spinal 
'^Brve;    but  externally  they  are   mingled   together  in  a  common 
^^UQk.    While  the  anterior  and  posterior  roots,  therefore,  are  ex- 
clusively sensitive  or  exclusively  motor,  the  spinal  nerves  beyond 
■^he  junction  of  the  roots  are  called  mixed  nerves,  because  tliey  con- 
*^in  at  the  same  time  motor  and  sensitive  filaments.    The  mixed 
Serves  accordingly  preside  at  the  same  time  over  the  functions  of 
^^ovement  and  sensation. 

iDisTiNCT  Seat  of  Sensibility  and  Excitabilitti'  in  t^ 
^^IXAL  Cord. — Various  experimenters  have  demonstrated  the  fact 
^**at  different  parts  of  the  spinal  cord,  like  the  two  roots  of  the 
spinal  nerves,  are  separately  endowed  with  sensibility  and  excita- 
bility.   The  anterior  columns  of  the  cord,  like  the  anterior  roots  of 
^t'e  spinal  nerves,  are  excitable  but  not  sensitive;   the  posterior 
^^lumofli,  like  the  posterior  roots  of  the  spinal  nerves^  are  sensitive 
^Ut  not  excitable.     Accord inglj^  when  the  spinal  canal  is  opened 
^^  the  living  animal,  an  irritation  applied  to  the  anterior  columns 
^f  the  cord  produces  immediately  convulsions  in  the  limbs  below ; 
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bat  there  is  no  indication  of  pain.  On  the  other  hand,  signs  of 
acute  pain  become  manifest  whenever  the  irritation  is  applied  to 
the  posterior  columns;  but  no  muscular  contractions  follow^  otter 
than  those  of  a  voluntary  character.  Longet  has  found'  that  if  tlie 
spinal  cord  be  exposed  in  the  lumbar  region  and  completely  divided 
at  that  part  by  transverse  section,  the  application  of  any  irritant  to 
the  anterior  surface  of  the  separated  portion  produces  ooavukioDS 
below ;  while  if  applied  to  the  posterior  columns  behind  the  poial 
of  division,  it  has  no  sensible  effect  whatever.  The  anterior  aad 
posterior  columns  of  the  cord  are  accordingly,  so  far,  analogous  in 
their  properties  to  the  anterior  and  posterior  roots  of  the  spinal 
nerves.  J 

An  irritation  applied  to  any  part  of  the  integument  is  then  con* fl 
veyed,  along  the  sensitive  filaments  of  the  nerve  and  its  posterior 
root,  to  the  spinal  cord;  then  upward,  along  the  longitudinal  fihiw 
of  the  cord  to  the  brain,  where  it  produces  a  sensation  correspond- 
lag  in  character  with  the  original  irritation,     A  motor  impnke,  on 
the  other  hand,  originating  in  the  brain,  is  transmitted  downward, 
along  the  longitudinal  fibres  of  the  cord,  passes  outward  by  tfau 
anterior  root  of  the  spinal  nerve,  and,  following  the  motor 
nients  of  the  nerve  through  its  trunk  and  branches,  produ( 
at  last  a-  muscular  contraction  at  the  point  of  its  final  di^* 
bution. 


Crossed  Action  of  the  Spinal  Cord, — As  the  anterior  coi^ 
umns  of  the  cord  pass  upward  to  join  the  medulla  oblongata,! 
decussation  takes  place  between  the  two  sides,  as  we  have  already 
mentioned,  at  the  level  of  the  anterior  pyramids.  The  fibres  of^ 
the  right  lateral  column  pass  over  to  the  left  side  of  the  mednHi 
oblongata,  and  so  upward  to  the  left  side  of  the  brain ;  while  tk« 
fibres  of  the  left  lateral  column  pass  over  to  the  right  side  of  tb» 
medulla  oblongata,  and  so  upward  to  the  right  side  of  the  briii- 
This  decussation  may  be  readily  shown  (as  in  Fig.  ISl)  by  gemly 
separating  the  anterior  pyramids  from  each  other,  at  the  lower  ex- 
tremity of  the  medulla  oblongata/ where  the  decussating  bnndln 
may  be  seen  crossing  obliquely  from  side  to  side,  at  the  bottom  of 
the  anterior  median  fissure.  Below  this  point,  the  anterior  Cfi- 
umns  remain  distinct  from  each  other  on  each  side^  and  do  do5 
communicate  by  any  further  decussation. 

»  Traits  de  riiyslologie,  ¥oU  ii.  pari  2,  p,  8. 
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plf  the  anterior  columns  of  the  spinal  cord,  therefore,  be  wounded 
fd  anjr  point  in  the  cervical,  dorsal,  or  lumbar  region,  a  paralysis 
of  voluntary  motion  is  produced  in  the  limbs  below,  on  t)ie  same 
side  with  the  injury.  But  if  a  similar  lesion  occur  in  the  brain,  the 
paralysis  which  results  is  on  the  opposite  side  of  the  body.  Thus 
it  has  long  been  known  that  an  abscess  or  an  apoplectic  hemorrhage 
on  the  right  side  of  the  brain  will  produce  paralysis  of  the  left  side 
of  the  body;  and  injury  of  the  left  side  of  the  brain  will  he  fol- 
lowed by  paralysis  of  the  right  side  of  the  body. 

The  spinal  cord  has  also  a  crossed  action  in  transmitting  aenri- 

^we  as  well  as  motor  impulses.  It  has  been  recently  demonstrated 
J  Dr.  Brown-SdquardJ  that  the  crossing  of  the  sensitive  fibres  in 
j|he  spinal  cord  does  not  take  place,  like  that  of  the  motor  fibres. 
Hits  upper  portion  only,  bat  throughout  its  entire  length;  so  that 
Hie  sensitive  fibres  of  the  right  spinal  nerves,  very  soon  after  their 
^itrance  into  the  cord,  pass  over  to  the  left  side,  and  those  of  the 
left  spinal  nerves  pass  over  to  the  right  side.  For  if  one  lateral 
If  of  the  spinal  cord  of  a  dog  be  divided  in  the  dorsal  region, 
power  of  sensation  remains  upon  the  correspondiog  side  of  the 
iy,  but  is  lost  upon  the  opposite  side.  It  has  been  shown,  fur- 
ermore,  by  the  same  observer,^  that  the  sensitive  fibres  of  the 
^nal  nerves,  when  they  first  enter  the  cord,  join  the  posterior 
llumns,  which  are  everywhere  extremely  sensitive  ;  but  tlmt  they 
ry  soon  leave  the  posterior  columns,  and,  passing  through  the 
atral  parts  of  the  cord,  run  upward  to  the  opposite  side  of  the 
in.  If  the  posterior  columns,  accordingly,  be  alooe  divided  at 
ly  part  of  the  spinal  cord,  sensibility  is  not  destroyed  in  all  the 
7^  behind  the  seat  of  injury,  but  only  in  those  which  enter  the 
at  the  point  of  section ;  since  the  posterior  columns  consist 
different  nervous  filaments,  joining  them  constantly  on  one  side 
t>m  below,  and  leaving  them  on  the  other  to  pass  upward  toward 
brain, 

^^The  spinal  cord  has  therefore  a  crossed  action,  both  for  sensation 
^Bd  motion ;  but  the  crossing  of  the  motor  filaments  occurs  only  at 
^e  medulla  oblongata,  while  that  of  the  sensitive  filaments  takea 
ce  throughout  the  entire  length  of  the  cord. 
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There  arc  certain  imjx>rtant  facts  whicli  still  remain  to  be  notiori 
regarding  the  mode  of  action  of  the  Bpioal  cord  and  its  Deit^ 
They  are  as  follows  :— 

1.  An  irritation  applied  to  a  spinal  Tierve  at  the  middk  of  iu  coum  ' 
produces  the  same  effect  as  if  it  traversed  its  entire  latgth,  Thas,  if  the 
sciatic  or  median  nerve  be  irritated  at  any  part  of  it5  course^  coji- 
traction  is  produced  in  the  muscles  to  which  these  nerves  are  dift- 
tributed,  just  as  if  the  impulse  had  originated  as  usual  from  the 
brain.  This  ftict  depends  upon  the  character  of  tlie  nervous  fila* 
nients,  as  simple  conductors.  Wherever  the  impulse  maj  origiaate^ 
the  final  effect  is  manifested  only  at  the  termination  of  the  nerm 
As  the  impulse  in  the  motor  nerves  travels  always  in  an  outwird 
direction,  the  effect  is  always  produced  at  the  muscular  terminatioQ 
of  the  filaments^  no  matter  how  small  or  how  large  a  portion  of 
their  length  may  have  been  engaged  in  transmitting  the  stimula& 

If  the  irritation,  again,  be  applied  to  a  sensitive  nerve  in  liie  , 
middle  of  its  course,  the  painful  sensation  is  felt,  not  at  the  point  j 
of  the  nerve  directly  irritated,  but  in  that  portion  of  the  integmnent 
to  which  its  filaments  are  distributed.     Thus,  if  the  ulnar  nerve  be^ 
accidentally  struck  at  the  point  where  it  lies  behind  the  inner  eoa- 
dyle  of  the  humerus,  a  sensation  of  tingling  and  numbness  \b  pro- 
duced in  the  last  Wo  fingers  of  the  corresponding  hand.    It  i* 
common  to  bear  patients  who  have  suffered  amputation  compIfiiii(/ 
painful  sensations  in  the  amputated  limb  for  weeks  or  months,  ad 
sometimes  even  for  years  after  the  operation.     They  assert  tbtl 
they  can  feel  the  separated  parts  as  distinctly  as  if  they  were  sdUl 
attached  to  the  body.     This  sensation,  which  is  a  real  one  and  \ 
fictitious,  is  owing  to  some  irritation  operating  upon  the  divided 
extremities  of  the  nerves  in  the  cieatrized  wound.     Such  an  irrita- 
tion, conveyed  to  the  brain  by  the  sensitive  fibres,  will  produce 
precisely  the  same  sensation  as  if  the  amputated  parts  were  still 
present,  and  the  irritation  actually  applied  to  them. 

It  is  on  this  account  also  that  division  of  the  trifacial  nerreii 
not  always  effectual  for  the  cure  of  tic  douloureux.    If  the  oansedf  I 
the  diiRculty  be  seated  upon  the  trunk  of  the  nerve,  betweeinl* 
point  of  emergence  from  the  bones  and  its  origin  in  the  bnua^  it  b 
evident  that  division  of  the  nerve  upon  the  face  will  be  of  »»] 
avail ;  since  the  cause  of  irritation  will  still  exist  behind  the  fds^\ 
of  section,  and  the  same  painful  sensations  will  still  be  produced  bl 
the  brain, 

2.  The  irritability  of  the  motor  filaments  disappears  from  tffitkini 
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int  that  of  tht  sensiiive  JilamenU  from  withouU  tntaircf.  Iramedi- 
ftly  after  the  separatioa  of  the  irog's  leg  from  tho  hodj,  irritatioa 
the  nerve  at  any  point  produces  muscalar  eontraction  in  the 
limb  below.  As  time  elapses,  however,  and  the  irritability  of  the 
nerve  diminishes,  the  galvanic  current,  in  order  to  produce  con- 
^pictiOD,  must  be  applied  at  a  point  nearer  its  termination.  Subae- 
^■ently,  the  irritability  of  the  nerve  is  entirely  lost  in  its  upper 
^prtionSy  but  is  retained  in  the  parts  situated  lower  down,  from 
Vhich  also,  in  turn,  it  afterward  disappears ;  receding  in  this  man- 
.aer  farther  and  farther  toward  the  terminal  distribution  of  the 
Btt've,  where  it  finally  disappears  altogether. 

On  the  other  hand,  sensibility  disappears,  at  the  time  of  death, 
first  in  the  extremities.  From  them  the  numbness  gradually  creeps 
upward,  invading  successively  the  middle  and  upper  portions  of  the 
liinbs,  and  the  more  distant  portions  of  the  trunk.  The  central 
parts  are  the  last  to  become  insensible. 

3.  Each  iiervous  Jilameni  a^ts  independetitly  of  the  rest  ihroughoui  its 

K\ire  length,  and  does  7iot  communicate  its  irritation  io  those  which  are 
proximity  with  it.  It  is  evident  that  this  is  true  with  regard  to 
3  nerves  of  sensation,  from  the  fact  that  if  the  integument  be 
touched  with  the  point  of  a  needle^  the  sensation  is  referred  to  that 
epot  alone.  Since  the  nervous  filaments  coming  from  it  and  the 
adjacent  parte  are  all  bound  together  in  parallel  bundles,  to  form 
the  trunk  of  the  nerve,  if  any  irritation  were  communicated  from 
one  sensitive  filament  to  another,  the  sensation  produced  would  he 
^wlefinite  and  diffused,  whereas  it  is  really  confined  to  the  sjjot  irri- 
Hied.  If  a  frog's  leg,  furthermore,  be  prepared,  with  the  sciatic 
serve  attached,  a  few  of  the  fibres  separated  laterally  from  the 
nervous  trunk  for  a  portion  of  its  length,  and  the  poles  of  a  galvanic 
battery  applied  to  the  separated  portion,  tho  contractions  which 
follow  in  the  leg  will  not  be  general,  but  will  be  confined  to  those 
miLscles  in  which  the  galvanized  nervous  fibres  esjvecially  have 
ir  distribution.  There  are  also  various  instances,  in  the  body, 
antagonistic  muscles,  which  must  act  independently  of  each 
ber,  but  which  are  supplied  with  nerves  from  a  common  trunk. 
It^auperior  and  inferior  straight  muscles  of  the  eyeball,  for 
ple>  are  both  supplied  by  the  motor  ocuU  communis  nerve. 
Ltensor  and  flexor  muscles,  as,  for  example,  those  of  the  fingers, 
often  supplied  hy  the  same  nerve,  and  yet  act  alternately  with* 
■gut  mutual  interferenoe.    It  is  easy  to  see  that  if  this  were  not  the 
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case,  confusion  would  constantly  arise,  both  in  thb  perccpiion  ot 
sensations,  and  in  the  execution  of  movements. 

4.  There  are  certain  sensations  which  are  excited  simuhaneonsly 
by  the  same  causes,  and  which  are  termed  aasocinted  saisatit^m;  ajkI 
there  are  also  certain  movements  which  take  place  simultaneously^ 
and  are  called  associated  movements.    In  the  former  instance^  one  of 
the  associated  sensations  is  called  up  immediately  upon  the  percep- 
tion of  the  other,  without  requiring  any  direct  impulse  of  its  owb. 
Thus,  tickling  the  soles  of  the  feet  produces  a  peculiar  sensatioii 
at  the  epigastrium.     Nausea  is  occasioned  by  certain  di^greeablej 
odors,  or  by  rapid  rotation  of  the  body,  so  that  the  landscape  fieeraaj 
to  turn  round.     A  striking  example  of  associated  movements,  on 
the  other  hand,  may  be  found  in  the  action  of  the  muscles  of  the 
eyeball     The  eyeballs  always  accompany  each  other  in  their  httenl ! 
motions^  turning  to  the  right  or  the  left  side  simultaneously.    It  is 
evident,  however,  that  in  producing  this  correspondence  of  motioo, 
the  left  internal  rectus  muscle  must  contract  and  relax  togetW 
with  the  right  external ;  while  a  similar  harmony  of  action  moft 
exist  between  the  right  internal  and  the  left  extemah    The  exphuu- 
tion  of  such  singular  correspondences  cannot  be  found  in  the  &nilo> 
mical  arrangement  of  the  muscles  themselves,  nor  in  that  of  the  i 
nervous  filaments  by  which  they  are  directly  supplied,  but  mnst  bej 
looked  for  in  some  special  endowment  of  the  nervous  centres  from! 
which  they  origioate. 


Reflex  Action  of  the  Spinal  Cord. — The  spinal  cord,  as  ire 
have  thus  far  examined  it,  may  be  regarded  simply  as  a  great  nent: 
that  is,  as  a  bundle  of  motor  and  sensitive  filaments,  connectiii| 
the  muscles  and    integument  below  with   the   brain    above,  and 
assisting,  in  tbis  capacity,  in  the  production  of  conscious  i^ensatioo 
and  voluntary  motion.    Beside  its  nervous  filaments,  howev^rfitj 
contains  also  a  large  quantity  of  gray  matter,  and  is,  therefowt] 
itself  a  ganglionic  centre,  and   capable  of  independent  action  lej 
such.     We  shall  now  proceed  to  study  it  in  its  second  capacityv  1 
a  distinct  nervous  centre, 

K  a  frog  be  decapitated,  and  the  body  allowed  to  remnin  at  W*| 
for  a  few  moments,  so  as  to  recover  from  the  depressing  effbcte  rf  1 
shock  upon  the  nervous  system,  it  will  be  found  that,  although  sen* 
sation  and  consciousness  are  destroyed,  the  power  of  motion  itill 
remains.     If  the  skin  of  one  of  the  feet  be  irritated  by  pinching  it 
with  a  pair  of  foroeps,  the  leg  is  immediately  drawn  up  toward  the  j 
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ly,  2is  if  to  escape  the  cause  of  irritatioD.  If  the  irritation  applied 
the  foot  be  of  slight  inteiisitjp  the  oorrespondiog  leg  only  will 
lOve ;  but  if  it  be  more  severe  iti  character,  motions  will  often  be 
produced  in  the  posterior  extremity  of  the  opposite  side,  and  even 
in  the  two  fore  legs,  at  the  same  time.  These  motions,  it  is  import- 
ant to  observe,  are  never  spontaneous.  The  decapitated  frog  remains 
I  perfectly  quiescent  if  left  to  himself.  It  is  only  when  some  cause 
^bf  irritation  is  applied  externally,  that  movements  occur  as  above 
^Hescribed. 

^r  It  will  be  seen  that  the  character  of  these  phenomena  indicates 
i  the  active  operation  of  some  part  of  the  nervous  system,  and  par- 
^■licularly  of  some  ganglionic  centre.  The  irritation  is  applied  to 
^■Ihe  skin  of  the  foot,  and  the  muscles  of  the  leg  contract  in  conse- 
Hiqaence ;  showing  evidently  the  intermediate  action  of  a  nervous 
connection  between  the  two. 

The  effect  in  question  is  due  to  the  activity  of  the  spinal  cord, 
operating  as  a  nervous  centre.     In  order  that  the  movements  may 
take  place  as  above>  it  is  essential  that  both  the  integument  and  the 
muscles  should  be  in  communication  with  the  spinal  cord  by  nerv- 
ous filaments,  and  that  the  cord  itself  be  in  a  state  of  integrity.    If 
the  sciatic  nerve  be  divided  in  the  upper  part  of  the  thigh,  irritation 
of  the  skin  below  is  no  longer  followed  by  any  muscular  contrac- 
tion.    If  either  the  anterior  or  posterior  roots  of  the  nerve  be 
divided,  the  same  want  of  action  results;  and  finally,  if,  the  nerve 
,d  its  roots  remaining  entire^  the  spinal  cord  itself  be  broken  up 
►y  a  needle  introduced  into  the  spinal 
nal,  the  integument  may  then  be 
irritated  or  mutilated  to  any  extent, 
thout  exciting  the  least  muscular 
ntraction.    It  is  evident,  therefore, 
that  the  spinal  cord  acts,  in  this  case, 
a  nervous  centre,  through  which 
e  irritation  applied  to  the. skin  is 
mmunicated  to  the  muscles.     The 
irritation  first  passes  upward,  as  shown 
the  accompanying  diagram  (Fig, 
,37 i  along  the  sensitive  fibres  of  the 

,  D9»irrAm  of  fe  r  f  J<  a  L   ( '  o  »  d   i  »   V  f  k  - 

enor  root  (a)  to  the  gray  matter   tiual  skctioji,  ibowtng  r«flexii«tiou 
le  cord,  and  is  then  reflected  back,    -^*  fott^nor  toot  «f  «pia»i  a«r«.  b 
long  the  motor  fibres  of  the  anterior 
>t  (i),  until  it  finally  reaches  the  muscles,  and  produces  a  contrac- 


Fig.  137. 
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tlon.     This  action  is  known,  accordingly,  as  the  reflex  acti<m  of  \k 
sjnnal  card. 

It  will  be  remembered  that  this  reflex  action  of  the  cord  is  not 
accompanied   bj  volition,  nor  even  by  any  conscious  sensatbn. 

The  function  of  the  spinal  cord  as  a  nervous  centre  is  simply  lo 
convert  an  impression,  received  from  the  skin,  into  a  motor  impulse 
which  is  sent  out  again  to  tlie  muscles.  There  ia  absolutely  no 
farther  action  than  this ;  no  exercise  of  will,  consciousness,  or  judg* 
ment.  This  action  will  therefore  take  place  perfectly  well  after 
the  brain  has  been  removed,  and  after  the  entire  sympathetic  sys- 
tem has  also  been  taken  away,  provided  only  that  the  spinal  coid 
and  its  nerves  remain  in  a  state  of  integrity. 

The  existence  of  this  reflex  action  after  death  is  accordingly  aa 
evidence  of  tlie  continued  activity  of  the  spinal  cord,  just  as  ccm- 
tractility  is  an  evidence  of  the  activity  of  the  musclesi  and  irritt- 
bility  of  that  of  the  nerves.  Like  the  two  last- mentioned  propertieit 
also,  it  continues  for  a  longer  time  after  death  in  cold-blooded  than 
in  warm-blooded  animals.  It  is  for  this  reason  that  frogs  and  other 
reptiles  are  the  most  useful  subjects  for  the  study  of  these  pheno- 
mena, as  for  that  of  most  others  belonging  to  the  nervous  system. 

The  irritability  of  the  spinal  cord^  as  manifested  by  its  leflex 
action,  may  be  very  much  exaggerated  by  certain  diseases^  aad  by 
the  operation  of  poisonous  substances.  Tetanus  and  poisoning  by 
strychnine  both  act  in  this  way,  by  heightening  the  irritabiUty  of 
the  spinal  cord,  and  causing  it  to  produce  convulsive  movemeats 
on  the  application  of  external  stimulus.  It  has  been  observed  ihH 
the  convulsions  in  tetanus  are  rarely,  if  ever,  spontaneous,  but  tbat 
they  always  require  to  be  excited  by  some  external  cause,  sQcb  is 
the  accidental  movement  of  the  bedclothes,  the  shutting  of  a  dooi; 
or  the  sudden  passage  of  a  current  of  air.  Such  slight  causes  of 
irritation,  which  would  be  entirely  inadequate  to  excite  involuntaiy 
movements  in  the  healthy  condition,  act  upon  the  spinal  coni,  when 
its  irritability  is  heightened  by  disease,  in  such  a  manner  as  to  pio- 
duce  violent  convulsions. 

Similar  appearances  are  to  be  seen  in  animals  poisoned  by  strycir 
nine.  This  substance  acts  upon  the  spinal  cord  and  incr^ises  iti 
irritability,  without  materially  aflfccting  the  functions  of  tbc  brtto. 
Its  efiects  will  show  themselves,  consequently,  without  easeoliil 
modification,  after  the  head  has  been  removed*  If  a  decapitaled 
frog  be  poisoned  with  a  moderate  doae  of  strychnine^  the  body  uA 
limbs  will  remain  quiescent  so  long  as  there  is  no  extenud  source 
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f  excitement ;  but  the  limbs  are  at  once  thrown  into  convulsions 

►y  the  slightest  irritation  applied  to  the  skin^  as.  for  example,  the 
ntact  of  a  hair  or  a  feather,  or  even  the  jarring  of  the  table  on 
hich  the  animal  is  placed.      That  the  convulsions  in  eases  of 
isoning  by  gtryehnine  are  always  of  a  reflex  character,  and  never 
ntaneous,  is  shown  by  the  following  fut^t  first  noticed  by  Ber- 
nard/ vi^,,  that  if  a  frog  be  poisoned  after  division  of  the  posterior 
its  of  all  the  spinal  nerves,  while  the  anterior  roots  are  left  un- 
uched,  death  takes  place  as  usual,  but  is  not  preceded  by  any  con- 
ulsions.     In   this   instance   the   convulsions   are   absent   simply 
.nse,  owing  to  the  division  of  the  posterior  roots,  external  irri- 
tions  cannot  be  communicated  to  the  cord. 
The  reflex  action,  above  described,  may  be  seen  very  distinctly 
in  the  human  subject,  in  certain  cases  of  disease  of  the  spinal  cord. 
If  the  upper  portion  of  the  cord  be  disintcgnited  by  inflammatory 
softening*  so  that  its  middle  and  lower  portions  lose  their  natural 
1^     connection  with  the  brain,  paralysis  of  voluntary  motion  and  loss  of 
^bensation  ensue  in  all  parts  of  the  body  below  the  seat  of  the  ana- 
^Bomical  lesion.     Under  these  conditions,  the  patient  is  incapable  of 
^baking  any  muscular  exertion  in  the  paralyzed  parts,  and  is  uncon- 
scious of  any  injury  done  to  the  integument  in  the  same  region. 
Notwithstanding  this,  if  the  soles  of  the  feet  be  gently  irritated 
with  a  feather,  or  with  the  point  of  a  needle,  a  convulsive  twitch- 
ing of  the  toes  will  often  take  place,  and  even  retractile  movements 
f  the  leg  and  thigh,  altogether  without  the  patient's  knowledge. 
uch  movetnents  may  frequently  be  excited  by  simply  allowing 
e  cool  air  to  come  suddenly  in  contact  with  the  lower  extremities. 
e  have  repeatedly  witnessed  these  phenomena,  in  a  case  of  dis- 
of  the  spinal  cord,  where  the  paralysis  and  insensibility  of  the 
wer  extremities  were  complete.     Many  other  similar  instances 
are  reported  by  various  authors. 

The  existence  of  this  reflex  action  of  the  cord  has  enabled  the 
physiologist  to  ascertain  several  other  important  facts  concerning 
the  mode  of  operation  of  the  nervous  system.  M.  Bernard  has 
demonstrated,'  by  a  series  of  extremely  ingenious  experiments  on 
the  action  of  poisonous  substances,  1st,  that  the  irritability  of  the 
muscles  may  be  destroyed,  while  that  of  the  nerves  remains  unal- 


'  Le<;otifi  Buries  effeia  de«  SabstAOces  toxiqn^  et  iD6dioamenlenB«8,  Paris,  1857, 
p.  357. 

*  Ibid*t  Cbftps.  23  and  24. 


THE   SPINAL   CORD* 


I 


IBTCJ;  ffid  Sd»  that  the  motor  and  sensitive  nervous  fikments  maj 
be  ii«r»h**od  independently  of  each  other.  The  above  &cta  m 
jJk^i^^  bf  tke  three  following  experiments : — 

L  In  a  living  frog  {Fig,  138),  the  sciatic  nei^e  {N)  is  expoeedia 
tbc  back  part  of  the  thigh,  after  which  a  ligature  is  passed  under- 
tieaih  it  and  drawn  tight  around  the  bone  and  the  remaining  soft 
pgyH^  In  this  way  the  circulation  is  entirely  cut  off  from  the  limb 
/J),  vWdi  remains  in  connection  with  the  trunk  only  by  means  of 
tbr  fcUtic  nerve.    A  solution  of  sulphocyanide  of  potassi  um  is  then 

introduced  beneath   the 
^'^'  ^^  of  the  back,  at  I  in  suffidi 

quantity  to  produce  its  speci- 
fic effect.  The  jioisoa  is  then 
absorbed,  and  is  carried  hj 
the  circulation  throughout  tfao 
trunk  and  the  three  extremi* 
ties  a,  bf  c ;  while  it  is  pre* 
i  /     \  vented  from  entering  the  limb 

'       '  <i  by  the  ligature  which  hi^a 

been  placed  about  the  thigh, 
Sulphocyanide  of  potaasium 
prodaoes  paralysis,  as  we  have 
previously  mentioned,  by  act- 
ing directly  upon  the  muscn- 
lar  tissue.  Accordingly,  a  git* 
van  ic  d  i  sch  a  r  ge  passed  t  hixK^ 
the  limbs  a,  b,  and  c,  prodnoes 
no  contraction  in  them,  whih 
the  same  stimulus,  applied  to 
d,  is  followed  by  a  strong  and 
healthy  reaction.  But  at  tha 
moment  when  the  irritatiim 
is  applied  to  the  poisoned 
limbs  a,  b^  and  i%  though  no 
visible  effect  is  produced  in 
them,  an  active  movement 
takes  place  in  the  healtfcy 
limb,  d  This  csan  only  ba 
owing  to  a  reflex  action  of  the  spinal  cord,  originating  in  the  iate* 
gument  of  a,  b,  and  c,  and  transmitted,  by  sensitive  and  motor  fill* 
ments^  through  the  cord  to  d.      IVhile  the  muscles  q/*  the  pQi$0mi 
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mb9f  ihtrcfore,  have  been  directly  paralyzed^  Uie  nerves  of  the  mine 
rts  have  retained  (heir  irritability, 

2.  If  a  frog  be  poisootjd  with  woorara  by  simply  placing  the 
poisoQ  under  the  skin,  no  reflex  action  of  the  spinal  cord  can  be 
demonstrated  after  death.     We  have  already  sbowri,  from  experi- 
^^M|it&  detailed  in  Chapter  II.,  that  this  substance  destroys  the  irrita- 
^^^^r  of  the  motor  nerves^  without  atfecting  that  of  the  muscles^     In 
^^ke  above  instance,  therefore,  where  the  reflex  action  is  abolished^  its 
^loss  may  be  owing  to  a  paralysis  of  both  motor  and  seftaitive  fila- 
ments, or  to  that  of  the  motor  filaments  alone.  The  following  experi- 
ment, however,  shows  that  the  motor  filaments  are  the  only  ones 
affected.     If  a  frog  be  prepared  as  in  Fig.  138,  and  poisoned  by  the 
^introduction  of  w*oorara  at  I,  when  the  limb  d  ia  irritated  its  own 
^ponscles  react,  while  no  movement  takes  place  in  a,  6,  or  c ;  bnt  if 
^the  irritation  be  applied  to  a^  b,  or  c,  reflex  movements  are  imme- 
^^iiately  produced  in  d.     In  (he  poisoned  limbs,  there/ore,  while  the 
^^notor  7ierve^  have  been  paralyzed,  the  sensitive  filaments  have  retained 
^Mfheir  irritability, 

^^  3.  If  a  frog  be  poisoned  with  strychnine,  introdnced  underneath 
r^the  skin  in  sufficient  quantity,  death  takes  place  after  general  con- 
^■ruldionSi  which  are  due,  as  we  have  seen  above,  to  an  unnatural 
^■Bxoitability  of  the  reflex  action.  This  is  followed,  however,  by  a 
^^aralysid  of  sensibility,  so  that  after  death  no  reflex  movements 
can  be  produced  by  irritating  the  skin  or  even  the  posterior  roots 
of  the  spinal  nerves.  But  if  the  anterior  roots,  or  the  motor  nerves 
emselves  be  galvanized,  contractions  immediately  take  place  in 
e  corresponding  muscles.  In  this  case,  there/ore^  the  sensitive  fila- 
\s  have  been  paralyzed^  while  the  motor  fih^tnents  and  the  muscles 
V€  retained  their  irritability. 

We  now  come  to  investigate  the  reflex  action  of  the  spinal  cord, 

as  it  takes  place  in  a  healthy  condition  during  life.    This  action 

readily  escapes  notice,  unless  our  attention  be  particularly  directed 

to  it*  because  the  sensations  which  we  are  constantly  receiving,  and 

the  many  voluntary  movements  which  are  continually  executed, 

serve  naturally  to  mask  those  nervous  phenomena  which  take  place 

"Hritbout  our  immediate  knowledge,  and  over  which  we  exert  no 

oluntary  control.     Such  phenomena,  however,  do  constantly  take 

lace,  and  are  of  extreme  physiological  importance.    If  the  surface 

the  skin,  for  example,  be  at  any  time  unexpectedly  brought  in 

ntact  with  a  heated  body,  the  injured  part  is  often  withdrawn  by; 

rapid  and  convulsive  movement,  long  before  we  feel  the  pain^  or 
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even  feirly  understand  the  cause  of  the  involuntary  act  K  tk 
body  by  any  accident  suddenly  and  unexpectedly  loses  its  balance, 
the  limbs  are  thrown  into  a  position  calculated  to  protect  the  ex- 
posed parts,  and  to  break  the  fall,  by  a  similar  involuntary  and  in- 
stantaneous movement.  The  brain  does  not  act  in  these  cases,  bn 
there  is  no  intentional  character  in  the  movement,  nor  even  any 
complete  consciousness  of  its  object.  Everything  indicates  that  il 
is  the  immediate  result  of  a  simple  reflex  action  of  the  spinal  oanl, 

The  cord  exerts  also  an  important  and  constant  influence  upon 
the  sjihificter  muscks.  The  sphincter  ani  is  habitually  in  a  sctate  of 
eontraction,  so  that  the  contents  of  the  intestine  are  not  allowed  la 
escape.  When  any  external  irritation  is  applied  to  the  anus,  on 
whenever  the  feces  present  themselves  internally,  the  sphincter 
contracts  involuntarily,  and  the  discharge  of  the  feces  is  prevented. 
This  habitual  closure  of  the  sphincter  depends  on  the  reflex  actioo 
of  the  spinal  cord.  It  is  entirely  an  involuntary  act,  and  will  cod* 
tinue,  in  the  healthy  condition,  during  profound  sleep,  as  oompkte 
and  efficient  as  in  the  waking  state. 

When  the  rectum,  however,  has  become  filled  by  the  accumnli- 
tion  of  feces  from  above,  the  nervous  action  changea.  Then  the 
impression  produced  on  the  mucous  membrane  of  the  distendeJ 
rectum,  conveyed  to  the  spinal  cord,  causes  at  the  same  time  I^ 
laxation  of  the  sphincter  and  contraction  of  the  rectum  itself;  so 
that  a  discharge  of  the  feces  consequently  takes  place. 

Now  all  these  actions  are  to  some  extent  under  the  coniroi  oi 
sensation  und  volition.  The  distended  state  of  the  rectum  is  ususllj 
accompanied  by  a  distinct  sensation,  and  the  resistaDoe  of  tlw 
sphincter  may  be  voluntarily  prolonged  for  a  certain  period,  jtust  Ji 
the  respiratory  movements,  which  are  usually  involuntary,  may  lie 
intentionally  hastened  or  retarded,  or  even  temporarily  suspeadol 
But  this  voluntary  jx>wer  over  the  sphincter  and  the  rectum  il 
limited.  After  a  time  the  involuntary  impulse,  growing  matt 
urgent  with  the  increased  distension  of  the  rectum,  becomes  irw* 
sistible ;  and  the  discharge  finally  takes  place  by  the  simple  n;to 
action  of  the  spinal  cord. 

If  the  spinal  cord  be  injured  in  its  middle  or  upper  portiot^tte 
sensibility  and  voluntary  action  of  the  sphincter  are  lost,  became i^^ 
connection  with  the  brain  has  been  destroyed.  The  eracuAtieo 
then  takes  place  at  once,  by  the  ordinary  mechanism,  as  soofl  *• 
the  rectum  is  filled,  but  without  any  knowledge  on  the  part  *jl  ^ 
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patient*    The  discharges  are  then  said  to  be  "  involuntary  and  un- 
coiwcious" 

If  the  irritability  of  the  cord,  on  -the  other  hand,  be  exaggerated 
bjr  disexLse,  while  its  connection  with  the  brain  remains  entire,  the 
distension  of  the  rectum  is  announced  by  the  usual  sensation,  but 
tHe  reflex  impulse  to  evacuation  is  so  urgent  that  it  cannot  be 
controlled  by  the  will,  and  the  patient  is  compelled  to  allow  it  to 
t-a.le  place  at  once.  The  discharges  are  then  said  to  be  simply 
*'  involuntary" 

Finally,  if  the  substance  of  the  spinal  cord  be  extensively  de- 
stroyed by  accident  or  disease,  the  sphincter  is  permanently  relaxed. 
The  feces  are  then  evacuated  almost  continuously,  without  any 
knowledge  or  control  on  the  part  of  the  patient,  as  fast  as  they 
descend  into  the  rectum  from  the  upper  portions  of  the  intestine. 

Injury  of  the  spinal  cord  produoes  a  somewhat  different  effect  on 
the  urinary  bladder.  Its  muscular  fibres  are  directly  paralyzed ; 
^nd  the  organ,  being  partially  protected  by  elastic  fibres,  both  at 
its  own  orifice  and  along  the  urethra,  becomes  gradually  distended 
^y  urine  from  the  kidneys.  The  urine  then  overcomes  the  elas- 
tocity  of  the  protecting  fibres,  by  simple  force  of  accumulation,  and 
rward  dribbles  away  as  fast  as  it  is  excreted  by  the  kirlneys. 
'^vTalysis  of  the  bladder,  therefore,  first  causes  a  permanent  disten- 
®^oii  of  the  organ,  which  is  afterward  followed  by  a  continuous, 
F*^^sive,  and  incomplete  discharge  of  its  contents. 

Injury  of  the  spinal  cord  produces  also  an  important,  though 
I^^tDbably  an  indirect  eflect  on  nutrition,  secretion,  animal  heat,  &c., 
^*^    the  paralyzed  parts.    Diseases  of  the  cord  which  result  in  its 
^^^tlening  or  disintegration,  are  notoriously  accompanied  by  consti- 
tution, often  of  an  extremely  obstinate  character.     In  complete 
t>^raplegia,  also,  the  lower  extremities   become  emaciated.     The 
^^^cture  and  consistency  of  the  muscles  are  altered,  and  the  animal 
^mperature  is  considerably  reduced.    All   such  disturbances  of 
ilutrition,  however,  which  almost  invariably  follow  upon  local  para- 
lysis, are  no  doubt  immediately  owing  to  the  inactive  condition  of 
the  muscles;  a  condition  which  naturally  induces  debility  of  the 
circulation,  and  consequently  of  all  those  functions  which  are  de- 
pendent upon  it. 

It  is  less  easy  to  explain  the  connection  between  injury  of  the 
spinal  cord  and  inflammation  of  the  urinary  passages.  It  is,  how- 
ever, a  matter  of  common  observation  among  pathologists,  that 
injury  or  disease  of  the  cord,  particularly  in  the  dorsal  and  upper 
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lumbar  regions,  is  soon  followed  by  catarrhal  inflammation  of  th^^^-^ 
urinary  passages.  This  gives  rise  to  an  abundant  production  ol^^^::^ 
altered  mucus,  which  in  its  turn,  by  causing  an  alkaline  fermenta^^^^;^ 
tion  of  the  urine  contained  in  the  bladder,  converts  it  into  an  inif— :^: 
tating  and  ammoniaciU  liquid,  which  reacts  upon  the  mucous  me 
brane  and  aggravates  the  previous  inflammation. 

We  find,  therefore,  that  the  spinal  cord,  in  its  character  of 
nervous  centre,  exerts  a  general  protective  action  over  the  whoL 
body.    It  presides  over  the  involuntary  movements  of  the  liml 
and  trunk ;  it  regulates  the  action  of  the  sphincters,  the  rectnn 
and  the  bladder ;  while  at  the  same  time  it  exerts  an  indirect  infli 
ence  on  the  nutritive  changes  in  those  parts  which  it  supplies  wit^^l^ 
nerves. 
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CHAPTER   IV. 


THE   BRAIN* 

Y  the  brain,  or  encephahrij  as  it  is  sometimes  called^  we  mean  all 

portion  of  the  nervous  system  which  ia  situated  within  the 

tj  of  the  cranium*     It  consists,  as  we  have  already  shown,  of 

Ties  of  different  ganglia,  connected  with  each  other  by  transverse 

longitudinal  commissures, 

ince  we  have  found  the  functions  of  sensation  and  motion,  or 
sibility  and  excitability,  so  distinctly  separated  in  the  spinal 
31,  we  should  expect  to  find  the  same  distinction  in  the  interior 
►lie  brain.  These  two  properties  have  indeed  been  found  to  be 
inct  from  each  other,  so  far  as  they  exist  at  all,  in  the  encephalic 
s;  but  it  is  a  very  remarkable  fact  that  they  are  both  confined 
cry  small  portions  of  the  brain,  in  comparison  with  its  entire 
Ic.  According  to  the  investigations  of  Longet,  neither  the 
ctory  ganglia,  the  corpora  striata,  the  optic  thalami,  the  tuber- 
quadrigemina,  nor  the  white  or  gray  substance  of  the  cerebrum 
le  cerebellum,  are  in  the  least  degree  excitable.  Mechanical 
tion  of  these  parts  does  not  produce  the  slightest  convulsive 
ement  in  the  muscles  below.  The  application  of  caustic  liquids 
the  passage  of  galvanic  currents  are  equally  without  e&ect. 
^  only  portions  of  the  brain  in  which  irritation  is  followed  by 
Vulsive  movements  are  the  ant-erior  surface  of  the  medulla  ob- 
.ta,  the  tuber  annulare,  and  the  lower  part  of  the  crura  cerebri ; 
is,  the  lower  and  central  parts  of  the  brain,  containing  continu- 
tis  of  the  anterior  columns  of  the  cord.  On  the  other  hand, 
er  the  olfactory  ganglia,  the  corpora  striata,  the  tubercula 
flrigemina,  nor  the  white  or  gray  substance  of  the  cerebrum  or 
►bellura,  give  rise,  on  being  irritated,  to  any  puioful  sensation. 
'  only  sensitive  parts  are  the  posterior  surface  of  the  medulla 
togata,  the  restiforni  bodies,  the  processus  e  cerebello  ad  testes, 
the  upper  part  of  the  crura  cerebri ;  that  is,  those  portions  of 
base  of  the  brain  which  contain  prolongations  of  the  posterior 
nms  of  the  cord. 
26 
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Tbe  most  central  portions  of  tlie  nervous  system,  tLereforer  and 
particularly  the  gray  matter,  are  destitute  of  both  excitability  mi 
eensibility.  It  is  only  those  portions  which  serve  to  cond^tct  sen- 
sations and  nervous  impulses  that  can  be  excited  by  inechaaical 
irritation ;  not  tbe  ganglionic  centres  themselves,  which  receive  awl 
originate  the  nervous  impressions. 

We  shall  now  study  in  succession  the  different  ganglia  ot  wmca 
the  brain  is  composed. 

Olfactory   Ganglia. — These  ganglia,  which  in  some  of  ibe ' 
lower  animals  are  very  large,  corresponding  in  si^e  with  the  ex- 
tent of  the  olfactory  membrane  and  the  acuteneaa  of  the  sense  of  I 
smell,  are  very  small  in  the  human  subject.     They  are  situated  oa| 
the  cribriform  pkte  of  the  ethmoid  bone,  on  each  side  of  tbe  < 
galli,  just  beneath  the  anterior  lobes  of  the  cerebrmn.     They  scad 
their  nerves  through  the  numerous  perforations  which  exist  in  1 
ethmoid  bone  at  this  part,  and  are  connected  with  the  base  of  thoj 
brain  by  two  longitudinal  commissures.    The   ol&ctory  gaugG 
with  their  commissures  are  sometimes  spoken  of  as  the  **  ol 
nerves*"    They  are  not  nerves,  however,  but  ganglia,  since  * 
mostly  composed  of  gray  matter ;  and  the  term  '*  olfactory 
can  be  properly  applied  only  to  the  filaments  which  origioftte  fiom 
them,  and  which  are  afterward  spread  out  in  the  sabstanoe  of  1 
olfactory  membrane. 

It  has  been  found  difBcult  to  determine  the  function  of  the 
ganglia  by  direct  experiment  on  the  lower  animals.     They  may  k  ' 
destroyed  by  means  of  a  strong  needle  introduced  thronr^  "'    ^  -rir 
of  the  cranium;  but  the  signs  of  the  presence  or  al-  ii 

sense  of  smell,  afler  such  an  operation,  are  too  indefinite  to  allow  i 
to  draw  from  them  a  decided  conclusion.     The  anatomical  dii^nbn^ 
tion  of  their  nerves^  however,  and  the  evident  correspondence  vhio 
exists,  in  different  species  of  animals,  between  their  degree  of  ib^ 
velopment  and  that  of  the  external  olfactory  organs,  leaves  nodoflls 
as  to  their  true  function.     They  are  the  ganglia  of  the  special  i 
of  smell,  and  are  not  connected,  in  any  appreciable  dcgreei^ 
ordinary  sensibility,  nor  with  the  production  of  voluntary 
mcnts. 


Optic  Thalami. — These  bodies  are  not,  as  their  name  woolJ| 
imply,  the  ganglia  of  vision.     Longet  has  found  that  the  pc»irer4 
sight  and  the  sensibility  of  the  pupil  both  remain,  in  birds  ift( 
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he  optic  thalarai  have  been  ttorouglily  diisorganized  ;  and  tbat  arti- 
Icial  irritation  of  the  same  ganglia  has  no  effect  in  producing 
Sther  contraction  or  dihitation  of  the  pupil.  The  optic  tlmlamii 
>wever^  according  to  the  same  observer,  have  a  peculiar  crossed 
Btion  upon  the  voluntary  movements.  If  both  hemispheres  and 
optic  thalami  be  removed  in  the  rabbit,  the  animal  is  still 
tlble  of  standing  and  of  using  his  limbs  iu  progression.  But  if 
le  right  optic  thalamus  alone  be  reraoved»  the  animal  falls  at  once 
jpon  his  left  side ;  and  if  the  left  thalamus  be  destroyed,  a  similar 
iebility  is  manifest  on  the  right  side  of  the  body.  In  these  in- 
etaooes  there  is  no  absolute  paralysis  of  the  side  upon  which  the 
animal  falls,  but  rather  a  simple  want  of  balance  between  the  two 
[opposite  sides.  The  exact  mechanism  of  this  peculiar  functional 
listurbance  is  not  well  understood;  and  but  little  light  has  yet 
BD  thrown,  either  by  direct  experiment  or  by  the  facts  of  compa- 
ative  anatomy,  on  the  real  function  of  the  optic  thalami. 

Corpora  Striata, — The  function  of  these  ganglia  is  equally 
srtain  with  that  of  the  preceding.     They  are  traversed,  as  we 

give  already  seen,  by  fibres  coming  from  the  anterior  columns  of 
be  cord;  and  they  are  connected,  by  the  continuation  of  these 
Ibres,  with  the  gray  substance  of  the  hemispheres.  They  have 
lerefore,  in  all  probability,  like  the  optic  thalami,  some  connection 
rith  sensation  and  volition ;  but  the  precise  nature  of  this  connec- 
ion  IB  at  present  altogether  unknown. 

HEmsPTiERES. — The  hemispheres,  or  the  cerebral  ganglia,  con- 
itute  in  the  human  subject  about  nine-tenths  of  the  whole  mass 
the  brain.  Throughout  their  whole  extent  they  are  entirely 
titute,  as  we  have  already  mentioned,  of  both  sensibility  and  ex- 
ktability.  Both  tlie  white  and  gray  substance  may  be  wounded, 
iamed,  lacerated,  crushed,  or  galvanized  in  the  living  animal,  with- 
out exciting  any  convulsive  movement  or  any  apparent  sensation. 
In  the  human  subject  a  similar  insensibility  has  been  observed 
fhen  the  substance  of  the  hemispheres  has  been  exposed  by  acci- 
SDtal  violence,  or  in  the  operation  of  trephining. 
Very  severe  mechanical  injuries  may  also  be  inflicted  upon  the 
jiemispheres,  even  in  the  human  subject,  without  producing  any 
irectly  fatal  result*  One  of  the  most  remarkable  instances  of  this 
,  is  a  case  reported  by  Prof.  William  Detmold,  of  New  York/  in 

>  Am.  Joorn.  of  H«d.  Sci.,  January,  ISSO. 
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which  an  abscess  in  the  anterior  lobe  of  the  brain  was  opened  by  i 
incision  passing  through  the  cerebral  substance,  not  only  withotst ' 
any  immediate  bad  effect,  but  with  great  temporary  relief  lo  tk  j 
patient.     This  was  the  case  of  a  laborer  who  was  struck  on  the  Wil 
side  of  the  forehead  by  a  piece  of  falling  timber,  which  produced  i^ 
compound  fracture  of  the  skull  at  this  part.     One  or  two  pieces  of 
bone  afterward  became  separated  and  were  removed,  and  the  woimdl 
subsequently  healed.     Nine  weeks  after   the  accident^  howeverj 
headache  and  drowsiness  came  on ;  and  the  latter  symptom,  becon 
ing  rapidly  aggravated,  soon  terminated  in  complete  stupor.    Alj 
this  time,  the  existence  of  an  abscess  being  suspected^  the  cicatrix 
together  with  the  adherent  portion  of  the  dura  mater,  was  i 
away,  several  pieces  of  fractured  bone  removed,  and  the  sorfaoe  ( 
the  brain  exposed.     A  knife  was  then  passed  into  the  cerebral  eub- 
stance,  makmg  a  wound  one  inch  in  length  and  half  an  inch  ifl 
depth,  when  the  abscess  was  reached  and  over  two  ounces  of  po« 
discharged.    The  patient  immediately  aroused  from  his  comatose 
condition,  so  that  he  was  able  to  speak ;  and  in  a  few  days 
vered,  to  a  very  considerable  extent,  his  cheeriulncss,  intellij 
and  appetite.     Subsequently,  however,  the   collection  of  pus 
turned,  accompanied  by  a  renewal  of  the  previous  symptoms ;  iDii| 
the  patieut  finally  died  at  the  end  of  seven  weeks  from  the  time  of  J 
openiog  the  abscess. 

Another  and  still  more  striking  instance  of  recovery  from  sere 
injury  of  the  brain   is  reported   by  Prof,  II.  J.  Bigelow  in 
Americfm  Journal  of  Medical  Sciences  for  July,  1^50.    In  this  casc^l 
pointed  iron  bar,  three  feet  and  a  half  in  length,  and  one  inch  aod  i] 
quarter  in  diameter,  was  driven  through  the  patient's  head  by  i 
premature  blasting  of  a  rock.     The  bar  entered  the  left  side  of  i 
face,  just  in  front  of  the  angle  of  the  jaw,  and  passed  obliquell 
upward,  inside  the  zygomatic  arch  and  through  the  anterif>r 
of  the  cranial  cavity,  emergiog  from  the  top  of  the  frontal  bo«je< 
the  median  line,  just  in  front  of  the  point  of  union  of  the  con 
and  sagittal  sutures.     The  patient  was  at  first  stunned,  but 
recovered  himself  so  far  as  to  be  able  to  converse  intclHgeDtlT. 
home  in  a  common  cart,  and  with  a  little  assistance  walked  up  i 
to  his  room.     He  became  delirious  within  two  days  after  thei 
dent,  and  subsequently  remained  partly  delirious  and  partly  i 
tose  for  about  three  weeks.     He  then  began  to  improve,  and  it  ttal 
end  of  rather  more  than  two  months  from  the  date  of  ibe  injorf  J 
was  able  to  walk  about*    At  the  end  of  sixteen  mouths  h^  wia  iftl 
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Brfect  healtbj  with  the  wounds  healed,  and  with  the  mental  and 

Hly  functions  entirely  unimpaired,  except  that  sight  was  perma- 
ently  lost  in  the  eye  oi'  the  injured  side. 

The  hemispheres,  furthermore,  are  not  the  seat  of  sensation  or  of 
jlition,  nor  are  they  immediately  essential  to  the  continuance  of 
fe.  In  quadrupeds,  the  complete  removal  of  the  hemispheres  is 
ttended  with  so  much  hemorrhage  that  the  operation  is  generally 
lltal  trom  this  cause  within  a  few  minuter.  In  birds,  however,  it 
ay  be  performed  without  any  immediate  danger  to  life*  Longet 
removed  the  hemispheres  in  pigeons  and  fowls,  and  has  kept 
these  animals  afterward  for  several  days,  with  most  of  the  organic 
inctions  unimpaired.  We  have  frequently  performed  the  same 
cperiment  upon  pigeons,  with  a  similar  favorable  result. 
The  eflect  of  this  mutilation  is  simply  to  plunge  the  animal  into 
;  state  of  profound  stupor,  in  which  he  is  almost  entirely  inatten- 
ive  to  surrounding  objects.  The  bird  remains  sitting  motionless 
bpon  his  perch,  or  standing  upon  the  ground,  with  the  eyes  closed, 
and  the  head  sunk  between  the  shoulders.  (Fig*  139.)    The  plu- 

Fig,  139, 
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ige  is  smooth  and  glossy,  but  is  uniformly  expanded,  by  a  kind 
erection  of  the  feathers,  so  that  the  body  appears  somewhat 
ifted  out,  and  larger  than  natural  Occasionally  the  bird  opens 
eyes  with  a  vacant  stare,  stretches  his  neck,  perhaps  shakes  his 
111  once  or  twice,  or  smooths  down  the  feathers  upon  his  shoulders, 
ad  then  relapses  into  his  former  apathetic  condition.  This  state 
'  immobility,  however,  is  not  accompanied  by  the  loss  of  sight,  of 


408 


THE    BEAIN, 


hearing,  or  of  ordinary  sensibility.    All  these  functioiis  remain,  la 
well  as  that  of  voluntary  raotioo.    If  a  pistol  be  discharged  beliind 
the  back  of  the  animal,  he  at  once  opens  his  eyea,  moves  his  bond 
half  round,  and  gives  evident  signs  of  having  heard  the  report;  htit 
he  immediately  becomes  quiet  again,  and  pays  no  farther  attention 
to  it.    Sight  is  also  retained,  since  the  bird  will  sometimes  fix  its 
eye  on  a  particular  object,  and  watch  it  for  several  seconds  together, 
LoQget  has  even  found  that  by  moving  a  lighted  candle  before  the 
animars  eyes  in  a  dark  place,  the  head  of  the  bird  will  often  follow 
the  movements  of  the  caudle  from  side  to  side  or  in  a  circle,  showing 
that  the  impression  of  light  is  actually  perceived  by  the  sensorimiu 
Ordinary  sensatioQ  also  remains,  after  removal  of  the  hcmisphens. 
together  with  voluntary  motion.     If  the  foot  be  pinched  with  i 
pair  of  forceps,  the  bird  becomes  partially  aroused,  moves  uneasiljr 
once  or  twice  from  side  to  side,  and  is  evidently  annoyed  at  the 
irritation. 

The  animal  is  still  capable,  therefore,  after  removal  of  tb^-  ucmi- 
spheres,  of  receiving  sensations  from  external  objects*  But  these 
sensations  appear  to  make  upon  him  no  lasting  impression.  He  is 
incapable  of  connecting  with  his  perceptions  any  distinct  succesfloi 
of  ideas.  He  hears,  for  example,  the  report  of  a  pistol,  but  he  is  m 
alarmed  by  it ;  for  the  sound,  though  distinctly  enough  perceivedly 
does  not  suggest  any  idea  of  danger  or  iujury.  There  is  accord* 
ingly  no  power  of  forming  mental  associations,  nor  of  percei^niig 
the  relation  between  external  objects.  The  memory,  more  partictt- 
larly^  is  altogether  destroyed,  and  the  recollection  of  sensation  h 
not  retained  from  one  moment  to  another.  The  limbs  and  muscles' 
are  still  under  the  control  of  the  will ;  but  the  will  itself  is  inactive, 
because  apparently  it  lacks  its  usual  mental  stimnlns  and  directioft 
The  powers  which  have  been  lost,  therefore,  by  destruction  of  tin 
cerebral  hemispheres,  are  altogether  of  a  mental  or  intellectual 
character ;  that  is,  the  power  of  comparing  with  each  other  di&rciil 
ideas,  and  of  perceiving  the  proper  relation  between  thenu 

The  same  result  is  well  known  to  follow,  in  the  human  subjed^' 
from  injury  or  disease  of  these  parts,  A  disturbance  of  the  mecitil 
powers  has  long  been  recognized  as  the  ordinary  consequieooe  of 
lesions  of  the  brain.  In  cases  of  impending  apoplexy,  for  exaciplcf 
or  of  softening  of  the  cerebral  substance,  among  the  earliest  aad 
most  constant  phenomena  is  a  loss  or  impairment  of  the  me4norr- 
The  patient  forgets  the  names  of  particular  objects  or  of  particultf 
persons ;  or  he  is  unable  to  calculate  numbers  with  bis  usual  facili^< 
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[j*  mental  derangement  is  often  shown  in  tlie  undue  estimate  which 

iovms  of  passing  events.  He  is  no  longer  able  to  appreciate  the 
lie  relation  between  different  objects  and  different  phenomena. 
Phu%  he  will  show  an  exaggerated  degree  of  solicitude  about  a 
rivial  occurrence,  and  will  pay  no  attention  to  other  matters  of 
eal  importance.  As  the  difficulty  increases,  he  becomes  careless 
*  the  directions  and  advice  of  his  attendants,  and  must  be  watched 
ad  managed  like  a  child  or  an  imbecile.  After  a  certain  period, 
lie  no  longer  ai>preciutes  the  lapse  of  time,  and  even  loses  the  dis- 
nction  between  day  and  night.  Finally,  when  the  injury  to  the 
^mispheres  is  complete,  the  senses  may  still  remain  active  and 
ipre-ssiblei  while  the  patient  is  completely  deprived  of  intelligence^ 
nemory,  and  judgment. 

If  we  examine  the  comparative  development  of  the  hemispheres 

different  species  of  animals^  and  in  different  races  of  men,  we 
ball  find  that  the  size  of  these  ganglia  corresponds  very  closely 
rith  the  degree  of  intelligence  possessed  by  the  individual.  We 
bave  already  traced,  in  a  preceding  chapter,  the  gradual  increase 

size  of  the  hemispheres  in  fish,  reptiles,  birds,  and  quadrupeds : 

four  classes  of  animals  which  may  be  arranged,  with  regard  to  the 

jiiount  of  intelligence   possessed  by  each,  in  precisely  the  same 

^rder  of  succession.     Among  quadrupeds,  the  elephant  has  much 

le  largest  and  most  perfectly  formed  cerebrum,  in  proportion  ta 

ae  size  of  the  entire  body ;  and  of  all  quadrupeds  he  is  proverbially 

J  most  intelligeut  and  the  most   teachable.    It  is  important  to 

ifQ  in  this  connection,  that  the  kind  of  intelligence  which 

aaracteri^es  the  elephant  and  some  other  of  the  lower  animals, 

ad  which  most  nearly  resembles  that  of  man,  is  a  teachable  intelli- 

ence;  a  very  different  thing  from  the  intelligence  which  depends 

Dn  instinct,  such  as  that  of  insects,  for  example,  or  birds  of  pas- 
Instinct  is  unvarying,  and  always  does  the  same  thing  in  the 
manner,  with  endless  repetition;  but  intelligence  is  a  power 
jrhich  adapts  itself  to  new  circumstances,  and  enables  its  possessor, 
fcy  comprehending  and  retaining  new  ideas,  to  profit  by  experience. 

is  this  quality  which  distinguishes  the  higher  classes  of  animals 
3m  the  lower ;  and  which,  in  a  very  much  greater  degree,  con- 
litutea  the  intellectual  superiority  of  man  himself.  The  size  of 
ae  cerebrum  in  man  is  accordingly  very  much  greater,  in  propor* 
jn  to  that  of  the  entire  boily,  than  in  any  of  the  lower  animals ; 
fhile  other  parts  of  the  brain,  on  the  contrary,  such  as  the  olfactory 

oglia  or  the  optic  tubercles,  are  frequently  smaller  in  liim  tlian 
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in  tbera.  For  while  man  is  superior  in  general  intelligence  to  oJl 
the  lower  animals,  he  is  inferior  to  many  of  them  in  the  aciit«n«i8 
of  the  special  senses. 

As  a  general  rule,  also,  the  sijse  of  the  cerebram  in<idil&rcDt 
races  and  in  different  individuals  corresponds  with  the  grade  rf 
their  intelligence.  The  size  of  the  cranium,  as  compared  with  thai 
of  the  face,  is  smallest  in  the  savage  negro  and  Indian  tribes ;  larger 
in  the  civilized  or  semi-civilized  Chinese,  Malay,  Arab^  and  Japan^ 
ese ;  while  it  is  largest  of  all  in  the  enlightened  Euro[iean  racei 
This  difference  in  the  development  of  the  brain  is  not  probably  an 
effect  of  long'continued  civilization  or  otherwise;  but  it  is,  omth 
contrary,  the  superiority  in  cerebral  development  which  makes 
some  races  readily  susceptible  of  civilization,  while  others  are 
either  altogether  incapable  of  it,  or  can  only  advance  in  it  io  i 
certain  limit.  Although  all  races  therefore  may^  perhaps^  be  said 
to  start  from  the  same  level  of  absolute  ignorance,  yet  after  th« 
lapse  of  a  certain  time  one  race  will  have  advanced  farther  ia 
civilization  than  another,  owing  to  a  superior  capacity  for  improve 
meotp  dependent  on  origina!  organization. 

The  same  thing  is  true  with  regard  to  different  individuals.  At 
birth,  all  men  are  equally  ignorant ;  and  yet  at  the  end  of  a  certsin 
period  one  will  have  acquired  a  very  much  gi^eater  intellecltiil 
power  than  another,  even  under  similar  conditions  of  trainiflg 
education,  &c.  He  has  been  able  to  accumulate  more  informat30& 
from  the  same  sources,  and  to  use  the  same  experience  to  better 
advantage  than  his  associates ;  and  the  result  of  this  is  a  certaio 
intellectual  superiority,  which  becomes  still  greater  by  its  own 
exercise.  This  superiority,  it  will  be  observed,  lies  not  ao  much 
in  the  power  of  perceiving  external  objects  and  events,  and  of  r^ 
cognizing  the  connection  between  them,  as  in  that  of  drawling  cca- 
elusions  from  one  fact  to  another,  and  of  adapting  to  new  combim^ 
tions  the  knowledge  which  has  already  been  acquired. 

It  is  this  particular  kind  of  intellectual  difference,  existing  in  t 
marked  degree,  between  animals,  races,  and  individuals,  which  oor- 
responds  with  the  difference  in  development  of  the  cerebral  hemi- 
spheres. We  have,  therefore,  evidence  from  three  different  sounsoi 
that  the  cerebral  hemispheres  are  the  seat  of  the  reasoning  powts^i^ 
or  of  the  intellectual  faculties  proper.  First,  when  these  gangtii 
are  removed  in  the  lower  animals,  the  intellectual  faculties  are  tbi 
only  ones  which  are  lost»  Secondly,  injury  to  these  ganglii^  in  tie 
human  subject,  is  followed  by  a  corresponding  impairment  of  the 
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same  faculties.  Thirdly,  in  diflFerent  species  of  animals,  as  well  as 
in  different  races  of  men  and  in  different  individuals,  the  develop- 
ment of  these  faculties  is  in  proportion  to  that  of  the  cerebral 
hexxiispheres. 

When  we  say,  however,  that  the  hemispheres  are  the  seat  of  the 
intellectual  faculties,  of  memory,  reason,  judgment,  and  the  like, 
v&  do  not  mean  that  these  faculties  are,  strictly  speaking,  located 
itx  the  substance  of  the  hemispheres,  or  that  they  belong  directly  to 
tbo  matter  of  which  the  hemispheres  are  composed.  The  hemi- 
splierical  ganglia  are  simply  the  instruments  through  which  the 
iKxtellectual  powers  manifest  themselves,  and  which  are  accordingly 
neoessary  to  their  operation.  If  these  instruments  be  imperfect  in 
structure,  or  be  damaged  in  any  manner  by  violence  or  disease,  the 
manifestations  of  intelligence  are  affected  in  a  corresponding  degree. 
So  far,  therefore,  as  the  mental  faculties  are  the  subject  of  physio- 
lc>gical  research  and  experiment,  they  are  necessarily  connected 
"WT^th  the  hemispherical  ganglia;  and  the  result  of  investigation 
shoMTs  this  connection  to  be  extremely  intimate  and  important  in 
its  character. 

There  are,  however,  various  circumstances  which   modify,  in 
particular  cases,  the  general  rule  given  above,  viz.,  that  the  larger 
the   cerebrum  the  greater  the  intellectual  superiority.    The  func- 
tional activity  of  the  brain  is  modified,  no  doubt,  by  its  texture  as 
''^^eU  as  by  its  size ;  and  an  increased  excitability  may  compensate, 
Pairtially  or  wholly,  for  a  deficiency  in  bulk.    This  fact  is  some- 
tioa^g  illustrated  in  the  case  of  idiots.    There  are  instances  where 
*^iotic  children  with  small  brains  are  less  imbecile  and  helpless 
^*^a,o  others  with  a  larger  development,  owing  to  a  certain  vivacity 
^*^<i  impressibility  of  organization  which  take  the  place,  to  a  certain 
^^'^nty  of  the  purely  intellectual  faculties. 

^ISiis  was  the  case,  in  a  marked  degree,  with  a  pair  of  dwarfed 

^^^  idiotic  Central  American  children,  who  were  exhibited  some 

^^^^a«  ago  in  various  parts  of  the  United  States,  under  the  name  of 

*^^  ''Aztec  children."  They  were  a  boy  and  a  girl,  aged  respectively 

^^^^^ut  seven'and  five  years.    The  boy  was  2  feet  9f  inches  high,  and 

^^ighed  a  little  over  20  pounds.    The  girl  was  2  feet  5J  inches 

^^^b,  and  weighed  17  pounds.    Their  bodies  were  tolerably  well 

^^OpoTtioned,  but  the  cranial  cavities,  as  shown  by  the  accompany- 

^^K  portraits,  were  extremely  small. 

Ihe  antero-posterior  diameter  of  the  boy's  head  was  only  4J 
^chee^  the  transverse  diameter  less  than  4  inches.     The  antero- 
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posterior  diameter  of  the  girl's  bead  was  4^  inches,  the  traosvene 
diameter  only  3|  inches.  The  habits  of  these  children,  eoiutt 
regards  feeding  and  taking  oare  of  themselves,  were  those  of  chil- 

Fig.  14a 
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dren  two  or  three  years  of  age.  They  were  incapable  of  leanung 
to  talk,  and  could  only  repeat  a  few  isolated  words.  Notwithstend- 
ing,  however,  the  extremely  limited  range  of  their  imellectuii 
powers,  these  children  were  remarkably  vivacious  and  excittbk 
While  awake  they  were  in  almost  constant  motion,  and  any  netr 
object  or  toy  presented  to  them  immediately  attracted  their  attea* 
tion,  and  evidentlj  awakened  a  lively  curiosity.  Tbey  were  w* 
cordingly  easily  influenced  by  proper  management  and  understood 
readily  the  meaning  of  those  who  addressed  them,  so  far  as  tto 
meaning  could  be  conveyed  by  gesticulation  and  the  tones  of  th« 
voice.  Their  expression  and  general  appearance,  though  decidodlf 
idiotic,  were  not  at  all  disagreeable  or  repulsive ;  and  they  were 
much  less  troublesome  to  the  persons  who  had  them  in  charge  than 
is  often  the  case  with  idioLs  possessing  a  larger  eerebral  development 

It  may  also  be  observed  that  the  purely  intellectual  or  reasoning 
powers  are  not  the  only  element  in  the  mental  superiority  of  cerbun 
races  or  of  particular  individuals  over  their  associates.  Tfaeie  is 
also  a  certain  rapidity  of  perception  and  strength  of  will  which  miy 
sometimes  overbalance  greater  intellectual  acquirements  and  oiofB 
cultivated  reasoning  powers.  These,  however,  are  different  fiwol- 
ties  from  the  latter ;  and  occupy,  as  we  shall  hereafter  see,  different 
parts  of  the  encephaloo. 

A  very  remarkable  physiological  doctrine,  dependent  partlj 
the  foregoing  facts,  was  brought  forward  some  years  ago  by 
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d  Spurzheitn,  under  the  name  of  Phrenology,  These  observers 
cognized  the  fact  that  the  intellectual  powers  are  undoubtedly 
Bited  in  the  brain,  and  that  the  development  of  the  brain  is,  aa  a 
eral  rule,  in  correspoodeDce  with  the  activity  of  these  powers. 
bey  noticed  .also  that  in  other  parts  of  the  nervous  system,  different 
ctions  occupy  different  situations ;  and  regarding  the  mind  as 
,dc  up  of  many  distinct  mental  faculties,  they  conceived  the  idea 
i  these  different  faculties  might  be  seated  in  different  parts  of 
cerebral  mass.  If  so,  each  separate  portion  of  the  brain  would 
donbtedly  be  more  or  less  developed  in  proportion  to  the  activity 
the  mental  trait  or  faculty  residing  in  it.  ITie  shape  of  the  head 
uld  then  vary  in  different  individuals,  in  accordance  with  their 
entid  peculiarities ;  and  the  character  and  endowments  of  the  in- 
.vidual  might  therefore  be  estimated  from  an  examination  of  the 
evations  and  depressions  on  the  surface  of  the  cranium. 
Accordingly,  the  authors  of  this  doctrine  endeavored,  by  examin- 
Ig  the  heads  of  various  individuals  wliose  character  was  already 
aown,  to  ascertain  the  location  of  the  different  mental  faculties. 
I  this  manner  they  finally  succeeded,  as  they  supposed,  in  accom- 
ishing  their  object ;  after  which  they  prepared  a  chart,  in  which 
le  surface  of  the  cranium  was  mapped  out  into  some  thirty  or  forty 
ferent  regions,  corresponding  with  as  many  different  mental  traits 
faculties.  With  the  assistance  of  this  chart  it  was  thought  that 
irenology  might  be  practised  as  an  art ;  and  that,  by  one  skilled 
its  application,  the  character  of  a  stranger  might  be  discovered 
*  simply  examining  the  external  conformation  of  his  head. 
We  shall  not  expend  much  time  in  discussing  the  claims  of  phre- 
ilogy  to  rank  as  a  science  or  an  art,  since  we  believe  that  it  has 
'  late  years  been  almost  wholly  discarded  by  scientific  men,  owing 
the  very  evident  deficiencies  of  the  basis  upon  which  it  was 
inded.  Passing  over,  therefore,  many  minor  details,  we  will 
[y  point  out,  as  matters  of  physiological  interest  the  principal 
which  must  always  prevent  the  establishment  of  phrenology 
&  science,  and  its  application  as  an  art. 

First,  though  we  have  no  reason  for  denying  that  different  parts 
the  brain  may  be  occupied  by  different  intellectual  faculties, 
re  is  no  direct  evidence  which  would  show  this  to  be  the  case, 
renologists  include,  in  those  parts  of  the  brain  which  they  em- 
»y  for  examination,  both  the  cerebrum  and  cerebellum ;  and  they 
y  regard  the  external  parts  of  these  bodies,  viz.,  the  layer  of 
matter  which  occupies  their  surface,  as  the  ganglionic  portion 
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in  which  must  reside  more  especially  the  nervous  functicms  wWcli 
they  possess.  But  this  layer  of  gray  matter,  in  each  prinei[ml  por- 
tion of  the  brain,  is  cootiouous  throughout.  There  is  no  amitoniical 
division  or  limit  between  its  difterent  parts,  like  thoso  between 
the  difierent  ganglia  in  other  portions  of  the  nervous  system;  and 
consequently  such  divisions  of  the  cerebrum  and  cerebellum  mtut 
be  altogether  arbitrary  in  character,  and  not  dependent  on  aor 
anatomical  basis. 

Secondly,  the  only  means  of  ascertaining  the  location  of 
different  mental  traits^  supposing  them  to  occupy  different  parts  of 
the  brain,  would  be  that  adopted  by  Gall  and  Spurzheim,  viz,,  to 
make  an  accurate  comparison,  in  a  siiflScient  number  of  cases,  of  tie 
form  of  the  head  in  individuals  of  known  character.  Bat  the  pmy 
tical  diflSculty  of  accomplishing  this  is  very  great  It  requires! 
long  acquaintance  and  close  observation  to  learn  accurately  iht 
character  of  a  single  person ;  and  it  is  in  this  kind  of  observation, 
more  than  in  any  other,  that  we  are  proverbially  liable  to  mistalcd 
It  is  extremely  improbable,  therefore,  that  either  Grail  or  Spurzhciffl 
could,  in  a  single  lifetime,  have  accomplished  this  comparison  io  m 
many  instances  as  to  furnish  a  reliable  basis  for  the  constructioa  of 
a  phrenological  chart. 

A  still  more  serious  practical  difficulty,  however,  is  the  following. 
The  different  intellectual  faculties  being  supposed  to  reside  in  ibfl 
layer  of  gray  substance  constituting  the  surfaces  of  the  cerebrum 

and  cerebellum,  tbey  must  of  course  be 
distributed  throughout  this  layer,  wher^ 
ever  it  exists.  Gall  and  Spur^hciffl 
located  all  the  mental  faculties  in  those 
parts  of  the  brain  which  are  acceasihb 
to  external  exploration.  An  examioi* 
tion  of  different  sections  of  the  brain 
will  show,  however,  that  the  greater  por« 
tion  of  the  gray  substance  is  so  plaoei 
tliat  its  quantity  cannot  be  estimated  hf 
an  external  examination  through  ibfi 
skull.  The  only  portions  which  ire 
exposed  to  such  an  examination  are  the 
upper  and  lateral  portions  of  th«  coo* 
vexities  of  the  hemispheres^  together 
with  the  posterior  edge  and  part  of  lb 
under  surface  of  the  cerebellum.  (Fig.  141.)    A  very  extensile 
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prtion  of  the  cerebral  surface,  however,  remains  concealed  in  sucli 

STmauner  that  it  canaot  possibly  be  subjected  to  examination,  viz., 

the  entire  base  of  the  brain,  with  the  under  surface  of  the  ante- 

rior  and  middle  lobes  (i,  a);  the  upper  surface  of  the  cerebellum 

Kand  the  inferior  surface  of  the  posterior  lobe  of  the  cerebrum 
ich  covers  it  (i) ;  that  portion  of  the  cerebellum  situated  above  the 
medulla  oblongata  (s) ;  and  the  two  opposite  convoluted  surfaces  in 
the  fissure  of  Sylvius  (e,  7),  where  the  anterior  and  middle  lobes  of 
the  cerebrum  lie  in  contact  with  each  other.  The  whole  extent, 
also,  of  the  cerebral  surfaces  which  are  opposed  to  each  other  in  the 

teat  longitudinal  fissure  (Fig.  142),  throughout  its  entire  length, 
e  equally  protected  by  their  position,  and 
concealed  from  external  examination.   The 

H^ole  of  the  convoluted  surface  of  the  brain 

^Aust,  however,  be  regarded  as  of  equal  im- 

^brtance  in  the  distribution  of  the  mental 

Haalities;  and  yet  it  is  evident  that  not 
more  than  one-third  or  one-quarter  of  this 
surface  is  so  placed  that  it  can  be  examined 
by  external  manipulation.  It  must  further- 
more be  recollected  that  the  gray  matter  of 
the  cerebrum  and  cerebellum  is  everywhere 
convoluted,  and  that  the  convolutions  pene- 
trate to  various  depths  in  the  substance  of 
the  brain.    Even  if  we  were  able  to  feel,  therefore,  the  external 

Erface  of  the  brain  itself,  it  would  not  be  the  entire  convolutions, 
t  only  their  superficial  edges,  that  we  should  really  be  able  to 
amine.     And  yet  the  amount  of  gray  matter  contained  in  a  given 
depends  quite  as  much  upon  the  depth  to  which  the  convolu- 
ons  penetrate,  as  upon  the  prominence  of  their  edges. 
While  phrenology,  therefore,  is  partially  founded  upon  acknow- 
iged  physiological  facts,  there  are  yet  essential  deficiencies  in  its 
Kentific  basis,  as  well  as  insurmountable  difficulties  in  the  way  of 
practical  application. 


Tmn^vrTHe  Mecciou  of  B  u  a  t  ?(, 


CEHEBELLtTM. — ^The  cerebellum  is  the  second  ganglion  of  the 
encephaloUp  in  respect  to  size.  If  it  be  examined,  moreover,  in 
regard  to  the  form  and  disposition  of  its  convolutions,  it  will  be 

sn  tliat  these  are  much  more  complicated  and  more  numerous 
ban  in  the  cerebrum,  and  penetrate  much  deeper  into  its  substance. 

aough  the  cerebellum  therefore  is  smaller,  as  a  whole,  than  the 


414 


TH£   BRAIir. 


cerebrum,  it  contains,  in  proportion  to  its  size,  a  much  larger  quu^ 
tity  of  gray  matter. 

In  examining  the  comparative  development  of  the  brain,  alaoja 
different  classes  and  species  of  animals,  we  find  that  the  cerebenmn 
nearly  always  keeps  pace,  in  this  respect,  with  the  oerebrom.  Tbisse 
facts  would  tead  us  to  regard  it  as  a  ganglion  hardly  secondary  in 
importance  to  the  cerebrum  itself. 

Physiologists,  however,  have  thus  far  failed  to  demonstrate  tiie 
nature  of  its  function  with  the  same  degree  of  precision  as  that  of 
many  other  parts  of  the  brain,  The  opinion  of  Gall,  which  locatfid 
in  the  cerebellum  the  sexual  impulse  and  instincts,  is  at  the  preset 
day  generally  abandoned;  for  the  reason  that  it  has  not  been  foand 
to  be  sufficiently  supported  by  anatomical  and  experimental  fac^ 
many  of  which  are  indeed  directly  opposed  to  it.  The  opinicm 
which  has  of  late  years  been  received  with  the  most  favor  is  itat 
first  advocated  by  Flourens,  which  attributes  to  the  cerebellum  tbe 
power  of  associating  or  "co-ordinating"  the  diSerent  voluntary 
movements^ 

It  is  evident,  indeed,  that  such  a  power  does  actually  reside  in 
some  part  of  the  nervous  system.  No  movements  are  effected  bj 
the  independent  contraction  of  single  muscles;  but  always  by 
several  muscles  acting  in  harmony  with  each  other.  The  Dumber 
and  con\plication  of  these  associated  movements  vary  in  difft^reDl 
classes  of  animals.  In  fish,  for  example,  progression  is  acoom- 
plished  in  the  simplest  possible  manner,  viz.,  by  the  lateral  flexioa 
and  extension  of  the  vertebral  column.  In  serpents  it  is  much  the 
same.  In  frogs,  lizards,  and  turtles,  on  the  other  hand,  the  font 
jointed  extremities  come  into  play,  and  the  movements  are  mmi^ 
what  complicated.  They  are  still  more  so  in  birds  and  quadrupeds; 
and  finally,  in  the  human  subject  they  become  both  varied  and 
complicated  in  the  highest  degree.  Even  in  maintaining  the  ordi- 
nary postures  of  standing  and  sitting,  there  are  many  different  rnnt- 
cles  acting  together,  in  each  of  which  the  degree  of  contraction,  ia 
order  to  preserve  the  balance  of  the  body,  must  be  accurately  pr<> 
portioned  to  tlmt  of  the  others.  In  the  motions  of  walking  wd 
running,  or  in  the  still  more  delicate  movements  of  the  hands  and 
fiugers,  this  harmony  of  muscular  action  becomes  still  m-^^  "  h:nU 
and  is  seen  also  to  be  absolutely  indispensable  to  the  t  <^ 

the  muscular  apparatus. 

The  opinion  which  locates  the  above  harmonizing  or  associai 
power  in  the  cerebellum  was  first  suggested  by  the  eflects  ol 


after  experimentally  injuring  or  destroying  this  part  of  the  brain. 
IS  the  cerebellum  be  exposed  in  a  living  pigeon,  and  a  portion  of 
I  its  substance  removed,  the  animal  exhibits  at  once  a  peculiar  un- 
ertainty  in  his  gait,  and  in  the  movement  of  his  wings.     If  the 
injury  be  more  extensive,  he  loses  altogether  the  power  of  flight, 
^Mnd  can  walk,  or  even  sUmd.  only  with  great  difficulty.     This  is  not 
^Kwing  to  any  actual  paralysis,  for  the  movements  of  the  limbs  are 
^■fexceedingly  rapid  and  energetic ;  but  is  due  to  a  peculiar  want  of 
"control  over  the  muscular  contractions,  precisely  similar  to  that 
which  is  seen  in  a  man  in  a  state  of  intoxication.     The  movements 
of  the  legs  and  wings»  though  forcible  and  rapid,  are  confused  and 
blundering;  so  that  the  animal  cannot  direct  his  steps  to  any  par- 
ticular spoty  nor  support  himself  in  the  air  by  flight.     He  reels  and 
tumbles,  but  can  neither  walk  nor  fly. 


Fig.  148. 


PiaKo;t,  AMCi  RmoTAt  or  rut  Cbkkvsllpii. 


The  senses  and  intelligence  at  the  same  time  are  unimpaired.  It 
extremely  curious,  as  first  remarked  by  Longet,  to  compare  the 
iifferent  phenomena  produced  by  removal  of  the  cerebrum  and 
bbat  of  the  cerebellum.  If  we  do  these  operations  upon  two  dif* 
ferent  pigeons,  and  place  the  animals  side  by  side,  it  will  be  seen 
that  the  first  pigeon,  from  whom  the  cerebrum  only  has  been  re- 
moved, remains  standing  firmly  upon  his  feet,  in  a  condition  of 
complete  repose ;  and  that  when  aroused  and  compelled  to  stir,  he 
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moves  slaggishly  and  unwillingly,  but  otherwise  acts  in  a  perfectly 
natural  manner.  The  second  pigeon,  on  the  other  hand,  from 
whom  the  cerebellum  only  has  been  taken  away,  is  in  a  conalaikt 
state  of  agitation.  He  is  easily  terrified,  and  endeavors,  frisqueulij 
with  violent  struggles,  to  escape  the  notice  of  those  who  arc 
watching  him;  but  hia,  movements  are  sprawling  and  unnatural, 
and  are  evidently  no  longer  under  the  effectual  control  of  the  irilL 
(Fig.  143.)  If  the  entire  cerebellum  be  destroyed,  the  animal  ia 
no  longer  capable  of  assuming  or  retaining  any  natural  posture. 
His  legs  and  wings  are  almost  constantly  agitated  with  ineffectaal 
struggles,  which  are  evidently  voluntary  in  character,  but  am  at 
the  same  time  altogether  irregular  and  confused.  Death  generally 
takes  place  after  this  operation  within  twenty -four  hours. 

We  have  often  performed  the  above  operation,  and  always  with 
the  same  effeoi.  Indeed  there  are  few  experiments  that  have  been 
tried  upon  the  nervous  system,  which  give  results  so  uniform  and 
so  constant  as  this.  Taken  by  themselves,  these  results  would 
invariably  sustain  the  theory  of  Flourens,  which,  indeed,  is  founded 
entirely  upon  them* 

But  we  have  met  with  another  very  important  fact,  in  this  respect, 
which  has  hitherto  escaped  notice.  That  is,  that  birds,  which  have 
lost  their  power  of  muscular  co-ordination  from  injury  of  the  cere- 
bellum, may  recover  this  power  in  process  of  time,  notwithstanding  dial 
a  large  portion  of  the  cerebellum  has  been  permanently  removei 
Usually  such  an  operation  upon  the  cerebellum,  as  we  have  men- 
tioned above,  is  fatal  within  twenty-four  hours,  probably  on  account 
of  the  close  proximity  of  the  medulla  oblongata.  But  in  soiaB 
instances,  the  pigeons  upon  which  we  have  operated  have  surviToi 
and  in  these  cases  the  co-ordinating  power  became  re*e8tabli«bod. 

In  the  first  of  these  instances,  about  two* thirds  of  the  cerebellum 
was  taken  away,  by  an  opening  in  the  posterior  part  of  the  cranium. 
Immediately  after  the  operation,  the  animal  showed  all  the  usual 
effects  of  the  operation,  being  incapable  of  flying,  walkmg,  or  erea 
standing  still,  but  reeled  and  sprawled  about  in  a  perfectly  helplaii 
manner.    In  the  course  of  five  or  six  days,  however*  he  had  regaijicdi 
a  very  considerable  control  over  the  voluntary  movements,  and  Kt 
the  end  of  sixteen  days  his  power  of  muscular  co-ordiaatiatt  VM< 
so  nearly  perfect,  that  its  deficiency,  if  any  existed^  was  impero^ 
tible.     Ha  was  then  killed;  and  on  examination,  it  was  fouiM)  tbal: 
his  cerebellum  remained  in  nearly  the  same  condition  as  ioimedialily  i 
after  the  operation ;  about  two-thirds  of  its  Bubstance  beiog  deficMOi^ 
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and  no  attempt  having  been  made  at  regeneration  of  the  lost  parts. 
The  aosompanying  figures,  144  to  147,  show  the  appearances,  in 
this  case,  as  compared  with  the  brain  of  a  healthy  pigeon. 

We  have  also  met  with  three  other  cases,  similar  to  the  above,  in 
which  about  one-half  of  the  cerebellum  was  removed  by  operation. 
The  loss  of  co-ordinating  power,  immediately  after  the  operation, 
though  less  complete  than  in  the  instance  above  mentioned^  was 
perfectly  well  marked  in  character ;  and  in  little  more  than  a  fort- 


Fig.  144. 
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night  the  animala  had  nearly  or  quite  recovered  the  natural  control 
of  their  motions. 

These  instances  show,  accordingly,  that  a  large  portion  of  the 
cerebellum  may  be  wanting  without  a  corresponding  deficiency  of 
the  co-ordinating  power.  If  the  theory  of  Flonrens  be  correct, 
therefore,  these  cases  can  only  be  explained  by  supposing  that 
those  parts  of  the  cerebellum  which  remain  gradually  become  en- 
abled to  supply  the  place  of  those  which  are  removed.  It  is  more 
probable,  however,  that  the  loss  of  co-ordinating  power,  which  is 
inunediately  produced  by  taking  away  a  considerable  portion  of 
this  nervous  centre,  is  to  be  regarded  rather  as  the  efl'cct  of  the 
sudden  injury  to  ike  cerrbellum  as  a  whokj  than  as  due  to  the  mere 
xemoral  of  a  portion  of  its  mass* 
27 
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Morbid  alterations  of  the  cerebellum,  fnrthermorev  pwlicoltflf 
of  a  cbronic  nature,  such  as  bIow  inflammations^  abscesses,  tunion 
&c.,  have  often  been  observed  in  the  human  subject^  without  gi^iag 
rise  to  any  marked  disturbance  of  the  voluntary  movements. 

On  the  other  hand,  many  facts  derived  from  comparative  anatcymy 
seem  to  favor  the  opinion  of  Flourens,     If  we  compare  difieretil 
classes  of  animals  with  each  other,  as  fish  with  reptiles,  or  hinb 
with  quadrupeds,  in  which  the  development  and  activity  of  th« 
entire  nervous  system  vary  extremely,  the  resuks  of  the  coroparyoa 
will  be  often  contradictory.     But  if  the  comparison  be  made  be- 
tween different  species  in  which  the  general  strnctare  and  plan  of 
organization  are  similar,  we  often  find  the  development  of  the  cm- 
bellum  to  correspond  very  closely  with  the  perfection  and  varied" 
of  the  voluntary  movements.     The  frog,  for  example,  is  an  aquatic 
reptile,  provided  with  anterior  and  posterior  extremities ;  but  its 
movements,  though  rapid  and  vigorous,  are  exceedingly  simple  in 
character,  consisting  of  little  else  than  flexion  and  extension  of  the 
posterior   limbs*      The  cerebellum  in  this  animal  is  exceedingly 
small;  as  compared  with  the  rest  of  the  brain;  being  nothing  more 
than  a  thin,  narrow  ribbon  of  nervous  matter,  stretched  across  the 
upper  part  of  the  fourth  ventricle.    In  the  common  turtle  we  hate 
another  aquatic  reptile,  where  the  movements  of  swimming,  Jiving, 
progression,  &c.,  are  accomplished  by  the  consentaneous  action  '  i 
anterior  and  posterior  extremities,  and  where  the  motions  of  tk 
head  and  neck  are  also  much  more  varied  than  in  the  frog.    Id 
this  instance  the  cerebellum  is  very  much  more  highly  developed 
than  in  the  former.   In  the  alligator^  figain,  a  reptile  whose  motisW 
both  of  the  head,  li  mbs^  and  tail  approach  very  closely  to  tho«  </ 
the  quadrupeds,  the  cerebellum  is  still  larger  in  proportion  totha 
remaining  ganglia  of  the  encephalon. 

The  complete  function  of  the  cerebellum,  accordingly,  as  a  nert' 
ous  centre,  cannot  be  regarded  as  positively  ascertained  ;  but  ao  ttf 
as  we  may  rely  on  the  results  of  direct  experiment,  this  organ  Im 
evidently  such  an  intimate  and  peculiar  connection  with  the  voluo* 
tary  movements,  that  a  sudden  and  extensive  injury  inflicted  ajH.ii 
its  substance  is  always  followed  by  an  immediate,  though  te©p>' 
rary,  disturbance  of  the  co-ordinating  power* 

TuBEncuLA  QuADRiGEMiNA. — These  bodies,  notwitliBlairfiBf 
their  small  sis^e,  are  very  important  in  regard  to  their  funccioiL. 
Tliey  give  origin  to  the  optic  nerves,  and  preside,  as  gaogliSi  ovt^ 
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the  sense  of  sight;  on  which  accowiit  they  are  also  known  by  the 
name  of  the  "  optic  ganglia/'    Their  development  corresponds  very 
closely  with  that  of  the  external  organs  of  vision.     Thus,  they  are 
large  in  fish,  reptiles^  and  birds,  in  which  the  eyeball  is  for  the 
toost  part  very  large  in  proportion  to  the  entire  head;  and  are  small 
in  quadrupeds  and  in  man,  where  the  eyeball  is,  comparatively 
speaking,  of  insignificant  size.    Direct  experiment  also  shows  the 
close  connection  betwe^en  the  tuberculaquadrigemina  and  the  sense 
of  sight.     Section  of  the  optic  nerve  at  any  point  between  the 
fetina  and  the  tnbercles,  prodnoea  complete  blindness;  and  destruc- 
tion of  the  tubercles  themselves  has  the  same  effect.     But  if  the 
division  be  made  between  the  tul^ercles  and  the  cerebrum,  or  if  the 
<serebrum   itself  be  taken   away  while  the  tubercles  are  left  un- 
touched, vision,  as  we  have  already  seen,  still  remains.     It  is  the 
tubercles,  therefore,  in  which  the  impression  of  light  is  perceived 
So  long  as  these  ganglia  are  uninjuroii  and  retain  their  connection 
^itb  the  eye,  vision  remains.     As  soon  as  this  connection  is  cut 
<>ftf  or  the  ganglia  themselves  are  injured,  the  power  of  vision  is 
destroyed. 

The  tubercula  quadrigemina  not  only  serve  as  nervous  centres 

^^^  the  perception  of  light,  but  a  reflex  action   n\m  takes  place 

thjx>ugh  them,  by  which  the  quantity  of  light  admitted  to  the  eye 

l^  i^gulated  to  suit  the  sensibility  of  the  pupil.    In  darkness  and 

in    tirilight,  or  wherever  the  light  is  feeble,  the  pupil  is  enlarged 

^y  I'elaxation  of  its  circular  fibres,  so  as  to  admit  as  largo  a  quan- 

^^y  of  light  as  possible.    On  first  coming  into  a  dark  room,  ac- 

CorcJingly,  everything  is  nearly  invisible;  but  gradually,  as  the 

PUpii  dilates  and  as  more  light  is  admitted,  objects  begin  to  show 

"^^XiiBelveft  with  greater  distinctness,  and  at  last  we  can  see  toler- 

}^^y  well  in  a  place  where  we  were  at  first  nnable  to  perceive  a 

**^gle  object,'  On  the  other  hand^  when  the  eye  is  exposed  to  an 

^^anally  brilliant  light,  the  pupil  contracts  and  shuts  out  so  much 

it  as  would  be  injurious  to  the  retina, 

T^ie  above  is  a  reflex  action,  in  which  the  impression  received  by 

^^    retina  is  transmitted  along  the  optic  nerve  U>  the  tubercula 

H^^^rigemina,    From  the  tubercles,  a  motor  impulse  is  than  sent 

^^t.  through  the  motor  nerves  of  the  eye  and  the  filaments  dis- 

'^tiuted  to  the  iris,  and  a  contraction  of  the  pupil  takes  place  in 

^^^'ti.sequence.    The  optic  nerves  act  here  as  sensitive  fibres,  which 

^^t4vey  the  impression  from  the  retina  to  the   ganglion ;    and  if 

*^^y  be  irritated  in  any  part  of  their  course  with  the  point  of  a 
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Beedle,  the  result  is  a  contraction  of  the  pupih  This  mfloeuce  19 
not  communicated  directly  from  the  nerve  to  the  iris,  but  ia  fitslJ 
sent  inward  to  the  tubercles^  to  be  afterward  reflected  outward  by  I 
the  motor  nerves.  So  long  as  the  eyeball  remains  in  connectioal 
with  the  brain,  mechanical  irritation  of  the  optic  nerve,  as  we  hare 
shown  above,  causes  contraction  of  the  pupil ;  but  if  the  nerve  hi  . 
divided,  and  the  extremity  which  remains  in  connectioo  with  tboj 
eyeball  be  subjected  to  irritation,  no  effect  upon  the  pupil  is  ] 
duced* 

The  anatomical  arrangement  of  the  optic  nerves,  and  the  001a 
tions  of  the  optic  tubercles,  are  modified  in  a  remarkable  degree  ill 
diUcrent  animals,  to  correspond  with  the  position  of  the  two  i 
In  fish,  for  example,  the  eyes  are  so  placed,  on  opposite  sides  of  I 
head,  that  their  axes  cannot  be  brought  into  parallelism  with  esckl 
other,  and  the  two  eyes  can  never  be  directed  together  at  the  1 
object*     In  these  animals,  the  optic  nerves  cross  each  other  «t  tWl 
base  of  the  brain  without  any  intermixture  of  their  fibres;  that 
from  the  right  optic  tubercle  passing  to  the  left  eye,  and  that  from 
the  left  optic  tubercle  passing  to  the  right  eye.  (Fig^  148*)    The  two  j 

Fig,  148.  Fig.  Ufk 
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nervous  cords  are  here  totally  distinct  from  each  other  throoghM  j 
their  entire  length ;  and  are  only  connected^  at  the  paint  of  < 
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hg,  bj  intervening  areolar  tissue.  Impressions  made  on  the  right 
eje  must  therefore  be  perceived  on  the  left  side  of  the  brain;  while 
those  which  enter  the  left  eye  are  conveyed  to  the  right  side  of  the 
hrain. 

In  birds,  also,  the  axes  of  the  two  eyes  are  so  widely  divergent  that 
near  objects  cannot  probably  be  in  exact  focus  for  both  of  them  at 
the  same  time.    The  optic  nerves  are  here  united,  and  apparently 
soldered  together,  at  their  point  of  crossing;  but  the  decussation  of 
their  fibres  is  nevertheless  complete,  (Fig.  149.)    The  nervous  fila- 
ments coming  from  the  left  side  pass  altogether  over  to  the  right ; 
and  those  coming  from  the  right  side  pass  over  to  the  left     The 
result  of  direct  experiment  on  the  crossed  action  of  the  tubercles  in 
these  animaU  corresponds  with  the  aQatomical  arrangement  of  the 
nervous  fibres.    If  one  of  the  optic  tubercles  be  destroyed  in  the 
pigeon,  complete  blindness  is  at  once  produced  in  the  eye  of  the 
cjpposite  aide ;  but  vision  remains  unimpaired  in  the  eye  of  the  side 
on  which  the  injury  was  inflicted. 

Fig.  150. 


C^C^KaK  Of  0>TIC  5k«vf.«  IK  MA.f.— 1.  U    Hl«b£  aDd  loft  «7«baUi.    3.    DMOJiatlOD  Of  optle 

^  the  human  subject,  on  the  other  hand,  where  the  visual  axes 
arft  parallel,  and  where  both  eyes  are  simultaneously  directed  toward 
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the  same  object,  the  optic  nerves  decussate  with  each  other  in  socki 
maneer  as  to  form  a  conoectioa  between  the  two  opp 
well  as  between  each  tubercle  and  retina  of  the  stun.  ..^^.  i;^. 
150.)  This  decussation,  which  is  somewhat  complicated,  takes  pW 
in  the  following  manner.  From  each  optic  tubercle  three  difieroA 
bundles  or  "  tracts"  of  nervous  fibres  are  given  off  One  set  posss 
across  transversely  at  the  point  of  decussation,  and,  turning  bact 
ward,  terminates  in  the  tubercle  of  the  opposite  side ;  another^  crew-, 
ing  diagonally,  continues  onward  to  the  opposite  eyeball ;  wHfle  a 
third  passes  directly  forward  to  the  eyeball  of  the  same  side.  A 
fourth  set  of  fibres,  still,  passes  across  in  front  of  the  decussation, 
from  the  retina  of  one  eye  to  that  of  the  opposite  side.  We  Imvc, 
therefore,  by  this  arrangement,  the  two  retinso,  as  well  as  the  two 
optic  tubercles,  connected  with  each  other  by  commissural  fibre; 
while  each  tubercle  is,  at  the  same  time,  connected  both  with  its 
own  retina,  and  with  that  of  the  opposite  side.  It  is  undouUedlT 
owing  to  lliese  connections  that  when,  in  the  human  subjeetf  tbe 
eyes  are  directed  in  their  proper  axes,  the  two  retinae^  as  well  as 
the  two  optic  tubercles,  act  as  a  single  orgaiu  Vision  is  single, 
tlierefore,  though  there  are  two  images  upon  the  retinae.  Doable, 
vision  occurs  only  when  the  eyeballs  are  turned  out  of  their  proper 
direction,  so  that  the  parallelism  of  their  axes  is  lost,  and  the  inwgc 
no  longer  falls  upon  corresponding  parts  of  the  two  retinae. 

Tuber  ANmiLARE. — The  collection  of  gray  matter  imbedded  ia 
the  deeper  portions  of  the  tuber  annulare  occupies  a  situation  ceif 
the  central  part  of  the  brain,  and  lies  directly  in  the  course  of  ll>e 
ascending  fibres  of  the  anterior  and  posterior  columns  of  the  oori 
This  ganglion  is  immediately  connected  with  the  functions  of  seasi* 
tion  and  voluntary  motion,  Wc  have  already  seen  that  these  fine- 
tions  are  not  destroyed  by  taking  away  the  cerebrum,  and  that  th^y 
also  remain  after  removal  of  the  cerebellum.  According  to  the  ei^ 
periments  of  Longet,  even  atter  complete  removal  of  the  olfacton 
ganglia,  the  cerebrum,  cerebellum,  optic  tubercles,  corpora  stnia| 
and  optic  thalami,  and  when  nothing  remains  in  the  cavity  of  ik 
cranium  but  the  tuber  annulare  and  the  medulla  oblongata,  ibe 
animal  is  still  sensitive  to  external  impressions,  and  will  sull 
deavor  by  voluntary  movements  to  escape  from  a  painful  irritatioiL 
The  same  observer  has  found,  howeven  that  as  soon  as  the  gang^^ 
of  the  tuber  annulare  is  broken  up,  all  manifest&tiotis  of  aeosaL 
and  volition  cease,  and  even  consciousness  no  longer  appeats  to 
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lisL    The  only  movements  which  then  follow  external  irritation 

^re  the  oecaaiotial  convulsive  motions  which  arc  due  to  reflex  action 

^^  the  spinal  cord,  and  which  may  be  readily  distinguished  from 

^ftose  of  a  voluntary  character.     The  animal,  under  these  circum- 

^'stances,  is  to  all  appearance  reduced  to  the  condition  of  a  dead 

Body,  except   for  the  movements  of  respiration  and   circulation, 
'bich  still  go  on  for  a  certain  time.     The  tuber  annulare  must 
therefore  be  regarded  as  the  ganglion  by  which  impressions,  con- 
veyed inward  through  the  nerves,  are  first  converted  into  conscious 
^n^sations;  and  in  which  the  voluntary  impulses  originate,  which 
lulate  the  muscles  to  contraction. 

We  must  carefully  distinguish,  however,  in  this  respect,  a  simple 
^nsation  from  the  ideas  to  which  it  gives  origin  in  the  mind,  and 
lie  mere  act  of  volition  from  the  train  of  thought  which  leads  to 
Both  these  purely  mental  operations  ti*ke  place,  as  we  have 
en,  in  the  cerebrum;  for  mere  sensation  and  volition  may  exist 
independently  of  any  intellectual  action,  as  they  may  exist  after 
the  cerebrum  has  been  destroyed*     A  sensation  may  be  felt  for 
example,  without  our  having  the  power  of  thoroughly  appreciating 
it^  or  of  referring  it  to  its  proper  source.     This  condition  is  often 
experienced  in  a  state  of  deep  sleep,  when,  the  body  being  exposed 
to  cold,  or  accidentnlly  placed  in  a  constrained  position,  we  feel  a 
sense  of  suflfering  without  being  able  to  understand  its  cause.     We 
may  even*  under  such  circumstances,  execute  voluntary  movementa 
to  escape  the  cause  of  annoyance ;  but  these  movements,  not  being 
directed  by  any  active  intelligence,  fail  of  accomplishing  their  ob- 
ject.    We  therefore  remain  in  a  state  of  discomfort  until,  on  awak- 
ening, the  activity  of  the  reason  and  judgment  is  restored,  when  the 
ofiending  cause  is  at  once  removed. 
I-       We  distinguish,  then,  between  the  simple  power  of  sensation, 
^bd  the  power  of  fully  appreciating  a  sensitive  impression  and  of 
^arawing  a  conclusion  from  it.     We  distinguish  also  between  the 
intellectual  process  which   leads  us  to  decide   upon  a  voluntary 
movement,  and  the  act  of  volition  itself.     The  former  must  precede, 
■■le  latter  must  follow.    The  former  tabes  place,  so  far  as  experi- 
^nent  can  show,  in  the  cerebral  hemispheres ;  the  latter,  in  the  gan- 
^plion  of  the  tuber  annulare. 

Medulla  Oblongata,^ — The  last  remaining  division  of  the  en* 

Bphalon  is  the  medulla  oblongata.     The  most  important  ganglion 

mtained  in  this  part  is  the  '*  pneumogastric  ganglion,"  or  "nu- 

»U8,"  imbedded  in  the  substance  of  the  restiform  body,  and  occu- 
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pying  the  middle  and  posterior  portions  of  the  medulla,  whete  tbe 
fibres  of  the  poemnogastric  nerve  take  their  origixL     This  paitioa 
of  the  brain  has  long  been  known  to  be  particularly  e^dential  to  the 
preservation  of  life ;  so  that  it  has  received  the  name  of  the  *'Titil 
point/'  or  the  "  vital  knot."     All  the  other  parts  of  the  brain  nmy 
be  injured  or  removed,  as  we  have  already  seen,  without  the  imm^ 
diate  and  necessary  destruction  of  life ;  but  so  soon  as  the  medulla 
oblongata  is  broken  up,  and   its  ganglion  destroyed^  respiration 
ceases  instantaneously,  and  the  circulation  ako  soon  comes  loan 
end.     Hemoval  of  the  medulla  oblongata  produces,  therefore^  m  it» 
immediate  and  direct  result,  a  stoppage  of  respiration ;  and  death 
takes  place  principally  as  a  consequence  of  this  fact^ 

Flourens  and  Longet  have  determined,  with  considerable  accu- 
racy,  the  precise  limits  of  this  vital  spot  in  the  medulla  oblongata. 
Flourens  ascertained  that  in  rabbits  it  extended  from  just  above 
the  origin  of  the  pneumogastric  nerve,  to  a  level  situated  three  linea 
and  a  half  below  this  origin.  In  larger  animals,  ita  extent  is  pro- 
portionally increased*  Longet  ascertained,  furthermore,  that  tbd 
properties  of  the  medulla  were  not  the  same  throughout  its  entire 
thickness ;  but  that  its  posterior  and  anterior  parts  might  be  (k- 
stroyed  with  comparative  impunity,  the  peculiarly  vital  spot  being 
confined  to  the  intermediate  portions.  This  vital  point  accordingly 
is  situated  in  the  layer  of  gray  matter,  imbedded  in  the  thicknea 
of  the  restiform  bodies,  which  has  been  previously  spoken  of  us 
giving  origin  to  the  pneumogastric  nerves. 

The  precise  nature  of  the  connection  between  this  ganglion  and 
the  function  of  respiration  may  be  described  as  follows.  The 
movements  of  respiration,  which  follow  each  other  with  inceffiaot 
regularity  through  the  whole  period  of  life,  are  not  voluntanr 
movements.  We  may  to  a  certain  extent,  hasten  or  retard  them 
at  will,  but  our  power  over  them,  even  in  this  respect^  is  extremolj 
limited;  and  in  point  of  fact  they  are  performed,  during  the  greater 
part  of  the  time^  in  a  perfectly  quiet  and  regular  manner,  without 
our  volition  and  even  without  our  consciousness*  They  contiaoe 
uninterruptedly  through  the  deepest  slumber,  and  even  in  a  con* 
dition  of  insensibility  from  accident  or  disease. 

These  movements  are  the  result  of  a  reflex  action  t^ing  pia<:« 
through  the  meduUa  oblongata*  The  impression  which  gives  rise 
to  them  originates  principally  in  the  lungs,  from  the  accumulatioa 
of  carbonic  acid  in  the  pulmonary  vessels  and  air-cells^  is  inxa- 
mitted  by  the  pneumogastric  nerves  to  the  medulla,  and  is  tbeM 
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lected  along  the  motor  nerves  to  the  respiratory  moscles.  These 
auseles  are  then  called  into  actioDp  produciug  an  expansion  of 
the  chest.  The  impression  so  conveyed  to  the  medulla  is  usually 
unperceived  by  the  consciousness.  It  is  generally  converted  directly 
iota  a  motor  impulse,  without  attracting  our  attention  or  giving 
rise  to  any  conscious  sensation.  Respiration,  accordingly,  goes  on 
p^eetly  well  without  our  interference  and  without  our  knowledge. 
The  nervous  impression,  however,  conveyed  to  the  medulla,  though 
usually  imperceptible,  may  be  made  evident  at  any  time  by  volun- 
tarily susi)ending  the  respiration.  As  the  carbonic  acid  begins  to 
accumulate  in  the  blood  and  in  the  lungs,  a  peculiar  sensation  makes 
itself  felt,  which  grows  stronger  and  stronger  with  every  moment, 

(d  impels  us  to  recommence  the  movements  of  inspiration.  This 
jcmliar  sensation,  entirely  diflFcrent  in  character  from  any  other,  is 
signated  by  the  French  under  the  name  of  "  bcsoin  de  respirer." 
It  becomes  more  urgent  and  distrcssiiig.  the  longer  respiration  is 
suspended,  until  finally  the  impulse  to  expand  the  chest  can  no 
■bger  be  resisted  by  any  effort  of  the  wilL 

^During  ordinary  respiration,  therefore,  each  inspiratory  raove- 
ent  is  excited  by  the  partial  vitiation  of  tlie  air  contained  in  the 
tigs.     As  soon  as  a  new  supply  has  been  inhaled,  the  impulse  to 
>ire  is  satisfied,  the  muscles  relax,  arxd  the  chest  collapses.     In 
seconds  the  previous  condition  recurs  and  the  same  move- 
iints  are  repeated,  producing  in  this  way  a  regular  alternation  of 

>irations  and  expirations. 
FSince  the  movements  of  respiration  are  performed  partly  by  the 
diaphragm  and  partly  by  the  intercostal  muscles,  they  will  be 
differently  modified  by  injuries  of  the  nervous  system,  according  to 
the  spot  at  which  the  injury  is  inflicted.  If  the  spinal  cord,  for 
example,  be  di\nded  or  compressed  in  the  lower  part  of  the  neck, 
:  the  intercostal  muscles  will  be  necessarily  paralyzed,  and  respi- 
tion  will  then  be  performed  entirely  by  the  diaphragm.  The 
St  in  these  cases  remaining  motionless,  and  the  abdomen  alone 
and  falling  with  the  movements  of  the  diaphragm,  such 
miration  is  called  "  abdominal"  or  **  diaphragmatic'^  respiration, 
is  a  common  symptom  of  fracture  of  the  spine  in  the  lower 
ical  region.  If  the  phrenic  nerve,  on  the  other  hand,  be 
iTided,  the  diaphragm  will  be  paralyzed,  and  respiration  will  then 

t»  performed  altogether  by  the  rising  and  falling  of  the  ribs.    It 
S 


Hhen  called  '* thoracic"  or  "costal"  respiration.     If  the  injury 


iBicted  upon  the  spinal  cord  be  above  the  origin  of  the  second 
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and  third  cervical  nerves,  both  the  phrenic  and  intercostal  mmm 
are  at  once  paralyzed,  and  death  neceasarily  takes  place  from  srf- 
focation.     The  attempt  at  respiration,  however,  stiJi  continues  in 
these  cases,  showing  itself  by  inefiFectual  inspiratory  movements  d 
the  month  and  nostrib.     Finally,  if  the  medulla  itself  be  brokeiiiif 
by  a  Bteel  instrument  introduced  through  the  foramen  njagtiUDO,  fo 
as  to  destroy  the  nervous  centre  in  which  the  above  reflex  acMi 
takes  place,  both  tbe  power  and  the  desire  to  breathe  are  al  once 
taken  away.     No  attempt  ia  made  at  inspiration,  there  13  no  stng- 
gle,  and  no  appearance  of  snfiering*     The  animal  dies  simply  bj 
a  want  of  aeration  of  the  blood,  which  leads  in  a  few  moments  U> 
an  arrest  of  the  circulation. 

It  is  owing  to  the  above  action  of  the  medulla  oblongata  that  in- 
juries of  this  part  are  so  promptly  and  constantly  fatal.  When  tbe 
**  neck  is  broken/*  as  in  hanging  or  by  sudden  falls  upon  the  head, 
a  rupture  takes  place  of  the*  transverse  ligament  of  the  atlas ;  the 
head,  together  with  the  first  cervical  vertebra,  is  allowed  to  slide 
forward,  and  the  medulla  is  compressed  between  the  odontoid  pro- 
cess of  the  axis  in  front  and  the  posterior  part  of  the  arch  of  the 
atlas  behind.  In  cases  of  apoplexy,  where  any  part  of  the  hemi- 
spheres, corpora  striata,  or  optic  thalami,  is  the  seat  of  the  bcmm^ 
rhage,  the  patient  generally  lives  at  least  twelve  hours ;  but  if  lie 
hemorrhage  takes  place  in  the  medulla  itself,  or  at  the  base  of  ike 
brain  in  its  immediate  neighborhood,  so  as  to  compress  its  iub- 
stance,  death  follows  instantaneously,  and  by  the  same  mechanisii 
as  where  the  medulla  is  intentionally  destroyed. 

An  irregularity  or  want  of  correspondence  in  the  movementatl 
respiration  is  accordingly  found  to  be  one  of  the  most  threateiiiDg 
of  all  symptoms  in  aflfections  of  the  brain.  A  disturbance  or  $m^ 
pension  of  the  intellectual  powers  does  not  indicate  necessarilj  anr 
immediate  danger  to  life*  Even  sensation  and  volition  may  be  im- 
paired without  serious  and  direct  injury  to  the  organic  funetioDl 
These  symptoms  only  indicate  the  threatening  progress  of  the  dis- 
ease, and  show  that  it  is  gradually  approaching  the  vital  oendtL  It 
is  common  to  see,  however,  as  the  medulla  itself  begins  to  be  impS- 
cated,  a  paralysis  first  showing  itself  in  the  respiratory  nupvemeaw 
of  the  nostrils  and  lips,  while  those  of  tbe  chest  and  abdomen  stiH 
go  on  as  nsuah  The  cheeks  are  then  drawn  in  with  every  insptri' 
rion  and  puffed  out  sluggishly  with  every  expiration,  the  nostrib 
themselves  sometimes  participating  in  these  unnatural  niovemtaitt- 
A  stiU  more  threatening  symptom,  and  one  which  frequeniij  pt^ 
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death,  is  an  irregular,  hesitating  respiration,  which  sometimes 
cts  the  attention  of  the  physician^  even  before  the  remaining 
erebral  functions  are  seriously  impaired.     These  phenomena  de- 
end  on  the  connection  between  the  respiratory  movements  and  the 
eflex  action  of  the  medulla  oblongata. 

We  have  now,  in  studying  the  functions  of  various  parts  of  the 
erebro-spinal  system,  become  familiar  with  three  different  kinds  of 
eflex  action. 
The  first  is  that  of  the  spinal  cord.  Here,  there  is  no  proper 
sensation  and  no  direct  consciousness  of  the  act  which  is  performed. 
It  is  simply  a  nervous  impression,  coming  from  the  integument, 
and  transformed  by  the  gray  matter  of  the  spinal  cord  into  a  motor 
impulse  destined  for  the  muscles.  This  action  will  take  place  after 
jthe  removal  of  the  hemispheres  and  the  abolition  of  consciousness, 
well  as  in  the  ordinary  condition.  The  respiratory  action  of  the 
fiedulla  oblongata  is  of  the  same  general  character;  that  is,  it  is 
_not  necessarily  connected  with  either  volition  or  consciousness. 
The  only  peculiarity  in  this  instance  is  that  the  original  nervous 
ipression  is  of  a  special  character,  and  its  influence  is  finally 
icerted  upon  a  special  muscular  apparatus.    Actions  of  this  nature 

termed,  par  excellence,  reflex  actions. 
The  second  kind  of  reflex  action  takes  place  in  the  tuber  aunn- 
re*     Here  the  nervous   impression,  which    is   conveyed  inward 
3m  the  integument,  instead  of  stopping  at  the  spinal  cord,  passes 
iward  to  the  tuber  annulare,  where  it  first  gives  rise  to  a  con- 
Dious  sensation;  and  this  sensation  is  immediately  followed  by  a 
roluntary  act.     Thus,  if  a  crumb  of  bread  fall  into  the  larynx,  the 
sensation  produced  by  it  excites  the  movement  of  coughing.    The 
gnsations  of  hunger  and  thirst  excite  a  desire  for  food  and  drink. 
The  sexual  impulse  acts  in  precisely  the  same  manner;  the  percep- 
tion of  particular  objects  giving  rise  immediately  to  special  desires 
"of  a  sexual  character. 

It  will  be  observed,  in  these  instances,  that  in  the  first  place, 
tie  nervous  sensation  most  be  actually  perceived,  in  order  to  pro* 
luce  its  efFect;   and  in  the  second  place  that  the  action  which 
allows  is  wholly  voluntary  in  character.     But  the  most  important 
juliarity,  in  this  respect,  is  that  the  voluntary  impulse  followa 
Mrectly  upon  the  receipt  of  the  sensation.     There  is  no  intermediate 
3ning  or  intellectual  process.     We  do  not  cougt  because  we 
aow  that  this  is  the  most  effectual  way  to  clear  the  larynx ;  but 
aply  because  we  are  impelled  to  do  so  by  the  sensation  which  is 
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felt  at  tbe  time.  We  do  not  take  food  or  drink  because  we  know 
that  tliey  are  necessary  to  support  life,  much  less  because  we  onAer- 
stand  the  mode  in  which  they  accomplish  this  object ;  but  merely 
because  we  desire  them  whenever  we  feel  the  sensation  of  hunger 
and  thirst. 

All  actions  of  this  nature  are  termed  imtinciive.  They  are  volon- 
tary  in  character,  but  are  performed  blindly ;  that  is,  wilhotit  wy 
idea  of  the  ultimate  object  to  be  accomplished  by  theroi  and  simply 
in  consequence  of  the  receipt  of  a  particular  sensation.  Aooord- 
ingly  experience,  judgment,  and  adaptation  have  nothing  to  do  with 
these  actions,  Thus  the  bee  builds  his  cell  oo  the  plan  of  a  malbe- 
matical  figure,  without  performing  any  mathematical  calculatioiL 
The  silkworm  wraps  himself  in  a  cocoon  of  his  own  spinniQg, 
certaialy  without  knowing  that  it  is  to  afford  him  shelter  duriog 
the  period  of  his  meUimorphosis*  Tbe  fowl  incubates  her  tgp 
and  keeps  them  at  the  proper  temperature  for  development^  ainiplj 
because  the  sight  of  them  creates  in  her  a  desire  to  do  so.  The 
habits  of  these  animals^  it  is  true,  are  so  arranged  by  nature,  that 
such  instinctive  actions  are  always  calculated  to  accomplish  an 
ultimate  object.  But  this  calculation  is  not  made  by  the  animal 
himself,  and  does  not  form  any  part  of  his  mental  operatiooft. 
There  is  consequently  no  improvement  in  the  mode  of  performing 
such  actions,  and  but  little  deviation  under  a  variety  of  circmo- 
stances. 

The  third  kind  of  reflex  action  requires  the  co-operation  of  the 
hemispheres.  Here,  the  nervous  impression  is  not  only  conveyed 
to  the  tuber  annulare  and  converted  into  a  sensation,  but,  still 
following  upward  the  course  of  the  fibres  to  the  cerebrum,  it  there 
gives  rise  to  a  special  train  of  ideas*  We  understand  then  tbe 
external  source  of  the  sensation,  the  manner  in  which  it  is  calco* 
lated  to  affect  ua,  and  how  by  our  actions  we  may  turn  it  to  oaf 
advantage  or  otherwise.  The  action  w^hich  follows,  therefore^  in 
these  cases,  is  not  simply  voluntary  but  reasonable.  It  does  not 
depend  directly  upon  the  external  sensation,  but  upon  an  intellec- 
tual process  which  intervenes  between  the  sensation  and  the  roll* 
tion.  These  actions  are  distinguished,  accordingly,  by  a  character 
of  definite  contrivance,  and  a  conscious  adaptation  of  means  to 
ends ;  characteristics  which  do  not  belong  to  any  other  opemlioQi 
of  the  nervous  system. 

The  possession  of  this  kind  of  intelligence  and  reasoning  power 
is  not  confined  to  the  human  species.    We  have  already  seenthu 
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tSxeie  aie  many  purely  instinctive  actions  in  man,  as  well  as  in 
si^iunals.    It  is  no  less  true  that  in  the  higher  animals  there  is  often 
^Jme  same  exercise  of  reasoning  power  as  in  man.    The  degree  of 
telsis  power  is  much  less  in  them  than  in  him,  but  its  nature  is  the 
s^^ine.    Whenever,  in  an  animal,  we  see  any  action  performed  with 
tbe  evident  intention  of  accomplishing  a  particular  object,  to  which 
i-^  is  properly  adapted,  such  an  act  is  plainly  the  result  of  reason- 
ixxg  powers^  not  essentially  different  from  our  own.    The  establish- 
zxxeat  of  sentinels  by  gregarious  animals,  to  warn  the  herd  of  the 
approach  of  danger,  the  recollection  of  punishment  inflicted  for  a 
partioular  action,  and  the  subsequent  avoidance  or  concealment  of 
tliBt  action,  the  teachability  of  many  animals,  and  th^ir  capacity  of 
forming  new  habits  or  of  improving  the  old  ones,  are  all  instances 
o£  the  same  kind  of  intellectual  power,  and  are  quite  different  from 
instinct,  strictly  speaking.    It  is  this  &cxxlty  which  especially  pre- 
dominates over  the  others  in  the  higher  clasises  of  animals,  and 
urbioh finally  attains  its. maximum  of  development  in  the  human 
Bpeciea. 
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CHAPTER    V, 

THE   CRANIAL    NEBVE8, 

In  examining  the  cranial  nerves,  we  shall  find  that  althooghtky 
at  first  seem  quite  diilercnt  in  their  distribution  and  properties 
from  the  spinitl  nerves,  yet  they  are  in  reality  arranged  for  tk 
mofit  part  on  the  same  plan,  and  may  be  studied  in  a  aunibr 
manner. 

At  the  outset,  however,  we  find  that  there  are  three  of  the  c» 
nial  nerves,  commonly  bo  called,  which  must  be  arranged  in  a  chs 
by  themselves ;  since  they  have  no  character  in  common  with  ihn 
other  nerves  originating  either  from  the  brain  or  the  spinal  ooA 
These  are  the  three  nerves  of  special  sense;  viz^  the  Ol&ctorj, 
Optic,  and  Auditory.  They  are,  properly  speaking,  not  so  mmk 
nerves  as  commissures,  connecting  diUerent  parts  of  the  enoepbalie 
mass  with  each  other.  They  are  neither  sensitive  nor  motor*  h 
the  ordinary  meaning  of  these  terms ;  but  are  capable  of  conveyiog 
only  the  special  sensation  characteristic  of  the  organ  with  whiA 
they  are  connected. 

Olfactort  Kerves. — We  have  already  described  the  BO-ciUed 
olfactory  nerves  as  being  in  reality  commissures,  oonne^ing  ti« 
olfactory  ganglia  w^ith  the  central  parts  of  the  brain«  The  miaaei 
situated  upon  the  cribriform  plate  of  the  ethmoid  bone  are  com* 
posed  of  gray  matter ;  and  even  the  filaments  which  they  seaJ 
outward  to  be  distributed  in  the  Schneiderian  mucous  membr«M» 
are  gray  and  gelatinous  in  their  texture,  and  quite  diflerentfrom 
the  fibres  of  ordinary  nerves.  The  olfiictory  nerves  are  not  wiy 
well  adapted  for  direct  experiment.  It  is^  however,  at  least  certtfB 
with  regard  to  them  that  they  serve  to  convey  the  special  sensatM 
of  smell ;  that  their  mechanical  irritation  does  not  give  liflB  10 
either  pain  or  convulsions;  and  finally  that  their  destmctM 
together  with  that  of  the  olfactory  ganglia,  doea  not  occasion  iflf 
paralysis  nor  loss  of  ordinary  sensibility. 
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Optic  Nerves. — We  have  alreaily  given  some  accouBt  of  these 
nerves  aod  their  decussations^  in  connection  with  the  history  of  the 
tubercula  quadrigemina.  They  consist  of  roanded  bundles  of  white 
fibres,  running  between  the  tubercles  and  the  retini©.  As  the  reti- 
nae themselves  are  membranous  expansions  consisting  mostly  of 
vesicular  or  cellular  nervous  matter,  the  optic  nerves,  or  "tracts," 
most  be  regarded  as  commissures  connecting  the  retinae  with  the 
tubercles.  We  have  also  seen  that  they  serve,  by  some  of  their 
fibres,  to  connect  the  two  retinsD  with  each  other,  as  well  as  the  two 
tubercles  with  each  other. 

The  optic  nerves  convey  only  the  special  impression  of  light  from 
Mttbout  inward,  and  give  origin  to  the  reflex  action  of  the  optic 
Bbercles,  by  which  the  pupil  is  made  to  contract.  According  to 
Xonget,  the  optic  nerves  are  absolutely  insensible  to  pain  through- 
out their  entire  length.  When  a  galvanic  current  is  passed  through 
the  eyeball,  or  when  the  retina  is  touched  in  operations  upon  the 
eye>  the  irritation  has  been  found  to  produce  the  impression  of  lumi- 
nous sparks  and  flashes,  instead  of  an  ordinary  painful  sensation. 
The  impression  of  colored  rings  or  spots  may  be  easily  produced 
by  compressing  the  eye  in  particular  directions;  and  a  sudden 
stroke  upon  the  eyeball  will  often  give  rise  to  an  apparent  discharge 
of  brilliant  sparks.  Division  of  the  optic  nerves  produces  complete 
blindness,  but  does  not  destroy  ordinary  sensibility  in  any  part  of 
the  eye,  nor  occasion  any  muscular  paralysis. 

HAUDiTOBY  Nerves. — The  nervous  expansion  in  the  cavity  of 
^m  internal  ear  contains,  like  the  retina,  vesicles  or  cells  as  well  as 
fibres;  and  the  auditory  nerves  are  therefore  to  be  regarded,  like 
^|e  optic  and  olfactory,  as  commissural  ia  their  character.  They 
Hp  also,  like  the  preceding,  destitute  of  ordinary  sensibility.  Ac* 
^vding  to  Longet,  they  may  be  injured  or  destroyed  without  giving 
Hae  to  any  sensation  of  pain.  They  serve  to  convey  to  the  brain 
ilbe  special  sensation  of  sound,  a^d  scera  incapable  of  transmitting 

tr  other.  Longet*  relates  an  experiment  performed  by  Volta,  ia 
ich,  by  passing  a  galvanic  current  through  the  ears,  the  observer 
experienced  the  sensation  of  an  interrupted  hissing  noise,  so  long 
98  the  connection  of  the  wires  was  maintained.  Inflammations 
Ibin  the  ear,  or  in  its  neighborhood,  are  often  accompanied  by 
perception  of  various  noises,  like  the  ringing  of  bells,  the 
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washing  of  tbe  waves,  the  humming  of  insects;  sounds  which  We 
no  external  existence,  but  which  are  simukted  by  the  morbid  irri- 
tation of  the  auditory  nerve. 

It  is  evident,  from  the  facts  detailed  above>  that  the  nerves  d 
special  sense  are  neither  motor  or  sensitive,  properly  speoking; 
and  that  they  are  distinct  in  their  nature  from  the  ordinary  spinal 
nerves,  i 

The  remainder  of  the  cranial  nerves,  however,  present  iSb^M 
ordinary  qualities  belonging  to  the  spinal  nerves.  Some  of  them  " 
are  exclusively  motor  in  character,  others  exclusively  sensitive; 
while  most  of  them  exhibit  the  two  propertiee^  to  a  certain  extent^ 
as  mixed  nerves.  They  may  be  conveniently  arranged  in  threa 
pairs,  according  to  the  regions  in  which  they  are  distribulei  cck^ 
responding  very  closely  with  the  motor  and  sensitive  roots  of  da 
spinal  nerves.  According  to  such  a  plan^  the  arrangement  of  the 
cranial  nerves  would  be  as  follows : — 


Cranial  Nrbves, 

Nrrvat  of  Special  Seme, 

1.  Olfkctorjr.     2.  Optic.     3.  Aoditory. 

Motor  ocuU  com. 

Pathetmtis 

Motor  00.  ostiemua 

Small  root  of  5  th  piai|- 


Seiulltva  ITtrrm. 


DtatHVobiJ  tD 


l^t   PA  IB. 


2d  PAIR. 
3d  t'AIB. 


Facial 
EypogloaBftl 
Spinal  aocQssoty 


J 


Large  root  of  5th  pair.         Faot. 


Olosso-  pha  rjngeat , 
PneiiuiOigaatric. 


Tongue, 
Keck,  &• 


The  above  arrangement  of  the  cranial  nerves  is  not  absolutely 
perfect  in  all  its  details.  Thus,  while  the  hj^poglossal  "^  '  ilia 
muscles  of  the  tongue  alone,  the  glosso^pharyngeal  bcl  ^^lof 
its  sensitive  fibrea  to  the  tongue  and  part  to  the  pbaryni^;  and 
while  the  large  root  of  the  5th  pair  is  mostly  distributed  in  tlw 
face,  one  of  ita  brandies,  viss,,  the^  gustatory,  is  distributed  to  ihi 
tongue*  Notwithstanding  these  irregularities,  however,  the  aboti 
division  of  the  cranial  nerves  is  in  the  main  correct,  and  will  bi 
found  extremely  useful  as  an  assistant  in  the  study  of  their  ttxaO' 
tions. 

There  is  no  impropriety,  moreover,  in  regarding  all  the  mot<ff 
branches  distributed  upon  the  &ce  as  one  nerve ;  since  evea  ite 
anterior  roots  of  the  spinal  nerves  originate  from  the  s^pinal  cofi 
each  by  several  distinct  filaments,  which  are  associated  into  a  single 
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l>^ijiDdle  only  at  a  certain  distance  from  their  point  of  origin.     The 
cx^^f^  fe<2t  that  two  nerves  leave  the  cavity  of  the  cranium  by  the 
Si^Line  foramen  does  not  indicate  that  they  have  the  game  or  even  a 
ffi  rnnikr  function.    Thus  the  facial  and  auditory  both  escape  from 
tfl3.€  cavity  of  the  cranium  by  the  foramen  auditorium  internum,  and 
Y^^  ^^  ^^  ^<^^  hesitate  to  regard  them  as  entirely  distinct  in  their 
tm^.tare  and  functions.    It  is  the  ultimate  distribution  of  a  nerve, 
mX^i  not  its  course  through  the  bones  of  the  skull,  that  indicates 
i^s  physiological  character  and  position.     For  while  the  ultimate 
cLi^ribution  of  any  particular  nerve  is  always  the  same,  its  arrange- 
ment as  to  trunk  and   branches   may  vary,  in  different  species 
of  animals,  with  the  anatomical  arrangement  of  the  bones  of  the 
skull    This  is  well  illustrated  by  a  fact  first  pointed  out  by  Prof. 
Jeffries  Wyman*  in  the  anatomy  of  the  nervous  system  of  the 
bullfrog.    In  this  animal,  both  the  facial  nerve  and  motor  oculi 
©xternus,  instead  of  arising  as  distinct  nerves,  are  actually  given 
^ff  as  branches  of  the  5th  pair;  while  their  ultimate  distribution  is 
^he  same  as  in  other  animals.     All  the  motor  and  sensitive  nerves 
distributed  to  the  face  are  accordingly  to  be  regarded  as  so  many 
diflfei-ent  branches  of  the  same  trunk ;  varying  sometimes  in  their 
^^^Urse,  but  always  the  same  in  their  ultimate  distribution. 

*l*he  motor  nerves  of  the  head  are  in  all  respects  identical  in  their 
I^^opertiea  with  the  anterior  roots  of  the  spinal  nerves.  For,  in  the 
^i*st  place,  they  are  distributed  to  muscles,  and  not  to  the  integu- 
^^^^ent  or  to  mucous  membranes;  secondly,  their  division  causes 
^^*^U3cular  paralysis;  and  thirdly,  mechanical  irritation  applied  at 
^*^eir  origin  produces  muscular  contraction  in  the  parts  to  which 
^,  ^JT  ^^^  distributed,  but  does  not  give  rise  to  a  painful  sensa- 
^^oix  In  several  instances,  nevertlieless,  the  motor  nerves,  though 
^^^>«^nsible  at  their  origin,  show  a  certain  degree  of  sensibility  when 
■^'^"^itated  after  their  exit  from  the  skull,  owing  to  fibres  of  com- 
^^■^^u.iucatioa  which  they  receive  from  the  purely  sensitive  nerves. 
'■^*^  this  respect  they  resemble  the  spinal  nerves,  the  motor  and 
'i^aitive  filaments  of  which  are  at  first  distinct  in  the  anterior 
«J  posterior  roots,  but  afterward  mingle  with  each  other,  on 
*^^^'^ng  the  cavity  of  the  spinal  canal, 

rihe  three  sensttim  nerves  originating   from  the  brain  are  the 
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large  root  of  the  fifth  pair,  the  glosso-pharyngeal,  and  the 
gastric.  It  will  be  ob&erved  that^  ia  all  their  essential  property 
they  correspond  with  tlie  posterior  roots  of  the  spinal  nerves.  Like 
them  they  are  inexcitable,  but  extremely  sensitive.  Irritated  il 
their  point  of  origin^  they  give  rise  to  acutely  painful  seoaaliooap 
but  to  DO  convulsive  movements.  Seeondly,  if  divided  at  the  mxm 
situation,  the  operation  is  followed  by  loss  of  sensibility  in  the 
parts  to  which  they  are  distributed,  without  any  di^urbance  ottlia 
motive  power.  Each  of  these  nerves,  furthermore,  like  the  poste- 
rior root  of  a  spinal  nerve,  is  provided  with  a  ganglion  through 
which  its  fibres  pass:  the  fifth  pair,  with  the  Casserian  ganglion, 
situated  near  the  inner  extremity  of  the  petrous  portion  of  the  tem* 
poral  bone;  the  glosso-pharyngeal,  with  the  ganglion  of  AndersoK 
situated  in  the  jugular  fusisa;  while  the  pneumogastric  present!^ 
just  before  its  passage  through  the  jugular  foramen,  m  ganglioa 
known  as  the  ganglion  of  the  pneumogastric  nerve.  Finally,  the 
sensitive  fibres  of  all  these  nerves,  beyond  the  situation  of  their  ga&* 
glia,  are  intermingled  with  others  of  a  motor  origin*  The  large  root 
of  the  fifth  pair,  which  is  exclusively  sensitive,  is  accompanied  by 
the  fibres  of  the  small  root,  which  are  exclusively  motor.  The 
glosso-pharyngcal  receives  motor  filaments  from  the  fiacial  and  qn- 
nal  accessory,  bccomiug  consequently  a  mixed  nerve  outside  the 
cranial  cavity ;  while  the  pneumogastric  is  joined  by  fibres  from  tbe 
spinal  accessory  and  various  other  nerves  of  a  motor  chamcter. 
These  nerves,  accordingly,  are  exclusively  sensitive  only  at  their 
point  of  origin.  Though  they  afterward  retain  the  predominata^ 
character  of  sensitive  nerves,  they  are  yet  found,  if  irritated  in  tht 
middle  of  their  course,  to  be  intermingled  with  motor  fibroSi  and 
to  have  consequently  acquired,  to  a  certain  extent,  the  character  -/ 
mixed  nerves. 

The  resemblance,  therefore,  between  the  cranial  and  spinal  n«rfei 
is  complete. 


Motor  Oculi  Communis. — This  nerve,  which  is  aomelime«  kiio«a 
by  the  more  convenient  name  of  the  ocuh-motoriuSf  emerges  fivBi  J 
the  encephalon  at  the  inner  edge  of  the  crus  cerebri,  passes  iM 
the  cavity  of  the  orbit  by  the  sphenoidal  fissure,  and  is  dislriboied  I 
to  the  levator  palpebrse  superioris,  and  to  all  the  moBclea  mafia; 
the  eyeball,  except  the  external  rectus  and  the  superior  obliqu*.  [ 
Its  irritation  accordingly  produces  convulsive  movementa  in  ihoa  I 
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parts,  and  its  division  has  the  eflfect  of  paralyzing  the  muscles  to 

th  it  is  distributed.    The  superior  eyelid  falU  down  over  the 

In,  and  cannot  be  raised,  owing  to  the  inaction  of  its  levator 

Iktidcle,  so  that  the  eye  appears  constantly  half  shut    This  condi- 

ion  is  knowm  by  the  name  of  ''  ptosis.''     The  movements  uf  the 

p'eball  are  also  nearly  suspended,  and  permanent  external  stra- 

lus  takes  place,  owing  to  the  paralysis  of  the  internal  rectus 

auscle,  while  the  external  rectus,  animated  by  a  different  nerve, 

reserves  its  activity. 

Pathkticus. — This  nerve,  which  supplies  the  superior  oblique 
muscle  of  the  eyeball,  is  similar  in  its  general  properties  to  the  pre- 
ag.    Its  section  causes  paralysis  of  the  above  muscle,  without 
^ny  loss  of  sensibility. 

MotOR  ExTERKUS. — This  nerve,  the  sixth  pair,  or  ''abducens 
oculi,"  according  to  the  usual  anatomical  nomenclature,  emerges 
_from  the  medulla  oblongata  just  behind  the  lower  border  of  the 
JUS  Varolii;  but  its  fibres  have  been  shown,  by  Dr,  John  Dean,*  to 
Miginate,  in  the  deeper  part  of  the  medulla,  from  a  collection  of 
gray  matter,  which  is  a  continuation  of  the  anterior  bora  of  the 
gray  matter  of  the  cord,  From  its  point  of  origin,  the  nerve 
forward,  through  the  sphenoidal  fissure,  into  the  orbit  of 
be  eye,  and  is  exclusively  distributed  to  the  external  rectus  mus- 
|e  of  the  eyeball.  Its  division  or  injury  by  disease  is  followed 
internal  strabismus,  owing  to  the  unopposed  action  of  the  inter* 
rectus  muscle. 

Fifth  Pair. — This  is  one  of  the  most  important  and  remarkable 

ita  properties  of  all  the  cranial  nerves.  It  is  the  greut  sensitive 
^TTQ  of  the  face,  and  of  the  adjoining  mucous  membriines.     It 

ises  by  two  roots,  a  larger  and  a  smaller,  which  emerge,  nearly 
ide  by  side,  from  the  lateral  portion  of  the  pons  Varolii.     The 

jres  of  these  roots,  however,  have  been  traced*  through  the  sub- 
ice  of  the  pons  to  two  "nuclei,"  or  collections  of  gray  matter, 
the  deeper  parts  of  the  medulla.     The  nucleus  with  which  the 

rger  root  is  connected  is  a  continuation  of  the  posterior  horn  of 
ray  matter  of  the  cord ;  that  with  which  the  smaller  root  is  con- 

cted  is  a  continuation  of  the  anterior  horn.    The  larger  root, 

^  The  Or»y  8uW«iice  of  the  Medulla  Oblongata  and  Trapeitum*     WitHbitigtoa 
ily.  \&!Aj  (SmithsonUn  Cootribiiiiona  io  Knowledge,}  p.  61. 
[  •  The  Graj  SabBiance  af  the  Medulla  Oblongairi»  kc,  hy  Dr.  John  Deati,  p   4d. 
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after  emerging  from  the  outer  and  under  surface  of  the  pom 
Varolii,  paases  fcrward  over  the  inner  extremity  of  the  petroti4 
portion  of  the  temporal  bone.    It  there  expands  into  a  cresoeiila^ 
fihaped  swelling,  containing  a  quantity  of  gray  matter  with  nVA 
its  f  bres  are  intermingled^  and  which  is  known  as  the  CaoKmii 
ganglion.     The  fibres  of  the  smaller  root,  passing  forward  in 
pany  with  the  others,  do  not  take  any  part  in  the  formatioci  of 
ganglion,  but  may  be  seen  passing  beneath  it  as  a  distinct  boodle, 
and  continuing  their  course  forward  to  the  foramen  OYale»  throagk 
which  they  emerge  from  the  skull.     In  front  of  the  anterior 
externa!  border  of  the  Casserian  ganglion,  the  fifth  nerve 
into  three  principal   divisions,  viz.,  the  ophthalmic,  the  superiof 
maxillary,  and  the  inferior  maxillary.     The  first  of  these  divisioiii, 
viz.,  the  ophthalmic,  is  so  called  because  it  passes  through  tbeorl^ 
of  the  eye*    It  enters  the  sphenoidal  fissure,  and  runs  along 
upper  portion  of  the  orbit,  sending  branches  to  the  ophthalmic 
glion  of  the  sympathetic,  to  the  lachrymal  gland,  the  conj 
and  the  mucous  membrane  of  the  lachrymal  sac.     It  also  aeodf  off 
a  small  branch  (nasal  brunch)  which  penetrates  into  the  nasal  pi9^ 
sages  and  supplies  the  Scbneiderian  mucous  membrane;.    It  thea 
emerges  upon  the  face  by  the  supra-orbital  foramen,  and  is  distri- 
buted to  the  integument  of  the  forehead  and  side  of  the  head  as  lif 
back  as  the  vertex. 

The  second  diviaion  of  thif 
nerve,  or  the  superior  mazillArff 
passes  out  by  the  foramen  rotim- 
dum,  and  runs  along  the  longita- 
dinal  canal  in  the  floor  of  the  or* 
bit,  giving  off  branches  during  its 
passage  to  the  teeth  of  the  upper 
jaw  and  to  the  mucous  membrant 
of  the  antrum  maxiUare.  It  fins}- 
ly  emerges  upon  the  middle  gf  tk 
face  by  the  infra-orbital  foraioe&p 
and  is  distributed  to  the  iDt«gti* 
ment  of  the  lower  eyelid,  nose, 
cheek,  and  upper  lip. 

The  third,  or  inferior  maxilWj 
division  of  the  fifth  pair,  whidi  is 
the  largest  of  the  three,  leaves  tk 
cavity  of  the  cranium  by  the  fort* 
men  ovale.     It  comprises  a  ooa- 


Fig,  151. 


DiiTKiiOTtuff  Of  Fifth  Nitri 
rP"3f  THR  Facie.— fl,  C»tB«riftti  gmnglloa. 
1,  Opbthfttmle  dlvltloa^  2.  Superior  msxll- 
UrydWliioo     3.  iDferlo^rtDSJtlllmry  dkvlflluii. 
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Itderable  portion  of  tbe  large  root  of  tbe  nerve,  and  all  the  fibres  of 
the  small  root  This  division  is  therefore  a  mixed  nerve,  containing 
both  motor  and  sensitive  fibres,  while  the  two  former  are  exclusively 
sensitive.  It  is  distributed,  accordingly,  both  to  muscles  and  to  the 
sensitive  sur&ces.  Soon  after  emerging  from  tbe  foramen  ovale  it 
sends  branches  to  the  temporal  muscle,  to  tbe  masseter,  the  bucci* 
nator,  and  to  the  internal  and  external  pterygoids;  that  is,  to  the 
muscles  which  are  particularly  concerned  in  the  movements  of  the 
lower  jaw.  It  also  sends  sensitive  filaments  to  tbe  integnment  of  the 
I  temple,  to  that  of  a  portion  of  the  external  ear  and  external  audi- 
H|ory  meatus.  The  third  division  of  the  fifth  pair,  then  passing 
^■downward  and  forward,  gives  off  a  branch  of  considerable  size,  tbe 
^lingual  branch,  which  is  distributed  to  the  mucous  membrane  of  the 
anterior  two-thirds  of  the  tongue,  and  which  also  sends  filaments  to 
the  arches  of  the  palate  and  to  the  mucous  membrane  of  the  cheek. 
The  remaining  portion  of  the  third  division,  after  giving  a  few 
branches  to  the  mylo-hyoid  muscle  and  to  the  anterior  belly  of  the 
digastric,  then  enters  the  inferior  dental  canal,  sends  filaments  to 
the  teeth  of  the  lower  jaw,  emerges  at  the  mental  foramen^  and  is 
finally  distributed  to  the  integument  of  the  chin,  lower  lip,  and 
inferior  part  of  the  face. 

This  nerve  is  accordingly  distributed  to  the  sensitive  surfaces, 
that  is,  the  integument  and  mucous  membranes  about  tbe  face,  and 
to  the  muscles  of  mastication.  A  few  of  its  fibres  are  sent  also  to 
tbe  superficial  muscles  of  the  face,  such  as  the  buccinator  and  the 
orbicularis  oris;  but  these  fibres  are  sensitive  in  their  character, 
and  serve  merely  to  impart  to  the  muscles  a  certain  degree  of 
sensibility.  It  has  been  ascertained  by  Longet  that  if  the  various 
branches  of  this  nerve  be  irritated  by  a  galvanic  current,  no  con- 
vulsive movements  whatever  are  produced  in  those  superficial 
muscles  of  the  fiice,  which  it  supplies  with  filaments;  but  if  its 
smaller  or  non-ganglionic  root  be  irritated  in  the  same  way,  con- 
tractions instantly  follow  in  the  muscles  of  mastication. 

The  fifth  pair  is  the  most  acutely  sensitive  nerve  in  tbe  whole 
body.  Its  irritation  by  mechanical  means  always  causes  intense 
pain,  and  even  though  the  animal  be  nearly  unconscious  from  the 
influence  of  ether,  any  severe  injury  to  its  large  root  is  almost 
invariably  followed  by  cries  which  indicate  the  extreme  sensibility 
of  its  fibres. 

If  this  nerve  be  completely  divided,  in  the  living  animal,  within 
tbe  cranium,  at  the  situation  of  the  Casserian  ganglion,  the  operation 
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J8  followed  by  total  loss  of  sensibility  in  the  skin  of  the  face  and  in 
the  adjacent  mucous  membranes.  The  conjunctiva,  upon  the  afte<:ted 
side^  is  then  completely  insensible,  and  may  be  touched  with  the 
point  of  a  needle  or  the  blade  of  a  knife,  without  exciting  any  un- 
easiness, and  .even  without  the  consciousness  of  the  animal.  Probes 
and  needles  may  be  passed  int<:)  the  nostril^  and  the  lips  or  the 
cheek  may  be  pinched,  pierced  or  cut,  without  exciting  the  least 
sign  of  sensibility*  The  animal  is  entirely  indifferent  to  all  me- 
chanical iDJuriea  upon  the  affected  side,  though  upon  the  oppoedte 
side  the  part^  retain  their  natural  sensibility. 

Owing  to  the  paralysis  of  the  Un^pml  nerve,  also,  after  thfs  ope- 
ration, the  tongue,  in  its  anterior  two-thirds,  becomes  insensible  to 
ordinary  irritations,  and  loses,  beside,  the  power  of  taste. 

Another  peculiar  effect  of  the  division  of  the  fifth  pair  depends^^ 
upon  the  paralysis  of  its  motor  fibres,  which  are  distributed.  a%  wi^^ 
have  seen,  to  the  muscles  of  mastication.     In  many  of  the  low< 


animals,  consequently,  the  movements  of  mastication  become  ex- 
ceedingly enfeebled  upon  the  affected  side.    In  the  cat,  for  exampl 
an  animal   in  which  mastication  is  usually  very  thoroughly  per- 
formed, this  process   becomes  excessively  laborious^^  so  that  the 
animal  Jtfter  this  operation  cannot  masticate  solid  meat,  but  require^t^ 
to  be  fed  with  that  which  has  already  been  cut  in  pieces. 

The  fifth  pair,  beside  supplying  the  sensibility  of  the  integuaien^ 
of  the  face,  has  a  peculiar  and  important  influence  on  the  organs  o^r 
special  sense.     This  influence  appears  to  consist  in  some  connectioiK" 
between  the  action  of  the  fifth  pair  and  the  processes  of  nutrition 
so  that  when  the  former  is  injured,  the  latter  very  soon  becom» 
deranged.     For  the  perfect   action  of  any  one  of  the  organs  o 
special  sense,  two  conditions  are  necessary :  first,  the  sensibility 
the  special  nerve  belonging  to  it,  and  seoondly,  the  integrity  of  tl 
component  parts  of  the  organ  itself.     Now  as  the  nutrition  of  t 
organ  is,  to  a  certain  extent,  under  the  control  of  the  fifth  pair,  an 
serious  injury  to  this  nerve  produces  a  derangement  in  the  ti^u< 
of  the  organ,  and  consequently  interferes  with  the  due  perlbmmni 
of  its  function. 

The  mucous  membrane  of  the  nasal  passages,  for  example^ 
supplied  by  two  different  nerves;  first,  the  olfactory,  distribui 
throughout  its  upper   portion,  by  which  it  is  endowed  with  t 
special  sense  of  smell;  atui,  secondly,  the  nasal  branch  of  tlie  fiffc- 
pair,  distributed   throughout  its  middle  and  lower  portion^  t3^^ 
which  it  is  supplied  with  ordinary  sensibility. 


^g^mss^ 
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SiDce  the  fiflh  pair,  accordingly,  supplies  general  sensibiUtj  to 
le  nasal  passages,  this  property  will  remain  after  the  special  sense 
Df  smell  has  been  destroyed.  If,  however,  the  fifth  pair  itself  be 
divided,  not  only  is  general  sensibility  destroyed  in  the  Schneiderian 
mucous  membrane,  but  a  disturbance  begins  to  take  place  in  the 
nutrition  of  its  tissue,  by  which  it  is  gradually  rendered  unfit  for 
lie  performance  of  its  special  function,  and  the  power  of  smell  is 
loally  lost  The  mucous  membrane,  under  these  circumstances, 
:>mes  injected  and  swollen,  and  the  nasal  passage  is  obstructed 
|>y  an  accumulation  of  puriform  mucus.  According  to  Longet,  the 
"mucous  membrane  also  assumes  a  fungous  consistency,  and  is  liable 
to  bleed  at  the  slightest  touch.  The  effect  of  this  alteration  is  to 
blunt  or  altogether  destroy  the  sense  of  smelL  It  is  owing  to  a 
similar  unnatural  condition  of  the  mucous  membrane  that  the  power 
of  smell  is  always  more  or  less  impaired  in  cases  of  coryza  and 
influenza.  The  olfactory  nerves  become  inactive  in  consequence 
of  the  morbid  alteration  in  their  mucous  membrane,  and  in  the 
secretions  which  cover  it 

The  influence  of  this  nerve  over  the  organ  of  vision  is  still  more 
smarkable*  It  has  been  known  for  many  years  that  division  of 
ae  fifth  pair  within  the  cranium,  or  of  its  ophthalmic  branch,  is  fol- 
>wed  by  an  inflammation  of  the  corresponding  eye,  which  usually 
on  to  complete  and  permanent  destruction  of  the  organ, 
imediately  after  the  operation,  the  pupil  becomes  contracted  and 
ae  conjunctiva  loses  its  sensibility.  At  the  end  of  twenty-four 
bours,  the  cornea  begins  to  become  opaline,  and  by  the  second 
ay  the  conjunctiva  is  already  inflamed  and  begins  to  discharge  a 
Eiarolent  secretion.  The  inflammation,  after  commencing  in  the 
mjunctiva,  increases  in  intensity  and  soon  spreads  to  the  iris* 
rhich  becomes  covered  with  a  layer  of  inflammatory  exudation. 
ae  cornea  grows  constantly  more  opaque,  until  it  is  at  last 
Itogether  impermeable  to  light,  and  vision  is  consequently  sus- 
led.  Blindness,  therefore,  does  not  result  in  these  instances 
from  any  direct  aftection  of  the  optic  nerve  or  of  the  retina,  but  is 
owing  simply  to  opacity  of  the  cornea.  Sometimes  the  diseased 
action  goes  on  until  it  results  in  ulceration  of  the  cornea  and  dis- 
cbarge of  the  humors  of  the  eye;  sometimes,  after  the  lapse  of 
several  days,  the  inflammatory  appearances  subside,  and  the  eye  is 
finally  restored  to  its  natural  condition. 

It  has  been  observed,  however,  that  although  the  above  conse- 
quences always  follow  division  of  the  fifth  pair,  when  performed  i 
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the  level  of  the  Casserian  ganglion,  or  between  it  and  the  eyebftl!, 
they  are  either  much  diminished  in  intensity  or  altogether  wantmg 
when  the  division  is  made  at  a  point  posterior  to  the  gangUoo. 
This  circumstance  has  led  to  the  belief  that  the  inflnence  of  the  fiftJi 
pair  on  the  nutrition  of  th^  eyeball  does  not  reside  in  its  own  proper 
fibres,  bnt  in  some  filaments  of  the  sympathetic  nerve  which  joia 
the  fifth  pair  at  the  level  of  the  Casserian  ganglion.     If  the  sectiaii 
accordingly  be  made  at  this  point,  or  in  front  of  it^  the  fibres  or  the 
eympathetic  will  be  divided  with  the  others,  and  inflammatioa  of 
the  eye  will  result ;  bnt  if  the  section  be  made  behind  the  ganglion^ 
the  fibres  of  the  sympathetic  will  escape  division,  and  the  injiirioiss 
effects  upon  the  eye  will  be  absent*    It  is  certain  that  inflanunation 
of  the  eye  sometimes  follows  division  of  the  fifth  nerre^  and  donm- 
times  is  wanting ;  but  the  precise  reason  of  this  variation  is  not 
fully  understood. 

Division  of  the  fifth  pair  destroys  also  the  general  sensibilily  of 
the  external  auditory  meatus,  the  lining  membrane  of  which  ii 
supplied  by  its  filaments.  Inflammation  of  this  membrane  and  tto 
consequent  alterations^  it  is  well  known,  interfere  seriously  m& 
the  sense  of  hearing.  It  is  no  uncommon  occurrence  for  an  accn* 
mulation  of  cerumen  to  take  place  after  inflammation  of  this  part, 
so  as  to  block  up  the  auditory  canal  and  produce  partial  or  ootiV' 
plete  deafness*  It  has  not  been  ascertained^  however,  whether 
division  of  the  fifth  pair  is  usually  followed  by  similar  changes  ta 
this  part. 

The  lingual  branch  of  the  fifth  pair  supplies  the  anterior  ex- 
tremity and  middle  portion  of  the  tongue  both  with  general  seoa- 
bility  and  with  the  power  of  taste.  The  sensibility  of  the  tongue 
is  accordingly  provided  for  by  two  different  nerves :  in  its  anterior 
two'thirds,  by  the  lingual  branch  of  the  fifth  pair ;  in  its  posiericc 
third,  by  the  fibres  of  the  glosso-pharyngeal. 

The  facial  branches  of  the  fifth  pair  are  the  ordinary  seat  of 
douloureux.  This  affection  is  not  unfrequently  confined  to 
the  supra-orbital,  the  infra-orbitai  or  the  mental  branch ;  and  dii 
pain  may  be  accurately  traced  in  the  direction  of  their  divcrgtog 
fibres.  It  has  already  been  mentioned  that  the  painful  sensatioot 
sometimes  also  follow  the  course  of  the  facial,  owing  to  some  maif 
tive  filaments  which  that  nerve  receives  from  the  fifth  pair. 


Facial.^ — ^This  nerve,  the  "seventh  pair/'  according  to  Ibe 
em  enumeration  of  the  cranial  nerves,  leaves  the  side  of  Ih^  i 
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dalla  oblongata^  just  behind  tbe  pona  Varolii.  Its  fibres  are  traced 
to  a  collection  of  gray  matter  in  the  upper  part  of  the  medulla, 
continuous  with  that  from  which  the  roots  of  the  sixth  pair  origi- 
Wite.  The  facial  nerve,  after  leaving  the  side  of  the  medulla, 
paasea  onward  through  the  petrous  portion  of  the  temporal  bone, 
emerges  at  the  stylomastoid  foramen,  bonds  round  beneath  the 
external  ear,  and  passes  forward  through  the  substance  of  the 
parotid  gland,  forming  a  plexus  called  the  "  pea  anserinus,"  by  the 
abundant  inosculation  of  its  different  branches.  It  then  sends  its 
filaments  forward  in  a  diverging  coarse,  and  is  finally  distributed 
to  the  muscles  of  the  external  ear,  to  tbe  frontalis  and  snperciliariB 

muscles,  to  the  orbicularis  oculi,  the  compressors  and  dilators  of 

tto  nares,  the  orbicularis  oris,  and  to  the  elevators  and  depressors 

of  tixQ  lips;  that  is,  to  the  superficial  muscles  of  the  face,  which  are 

cotxcerned  in  the  prexluction  of  expression.  (Fig.  152.) 
The  facial,  consequently,  is  the 

Motor  nerve  of  the  face.    It  has 

nolilung  to  do  with   transmitting 

sezxsitive  impressions^  since  it  has 

hoen  frequently  shown  that  after 
Bection  of  the  fifth  pair,  the  facial 
reiii"aining  entire,  the  sensibility  of 
the  face  is  completely  lost ;  so  that 
^te  integument  may  be  cut,  pricked, 
pierced,  or  lacerated,  without  any 
^^S^  of  pain  being  exhibited  by  the 
^ttiah  The  facial,  therefore,  does 
^^t  transmit  sensation  from  these 

P^its  ;  and  its  division,  which  was 

*pfinerly  resorted  to  in  caaes  of 

'^^  douloureux,  is  accordingly  alto- 

ff^her  incapable  of  relieving  neuralgic  pains, 

This  nerve,  however,  is  directly  connected  with  muscular  action, 
®^^ce  mechanical  or  galvanic  irritation  of  its  fibres  produces  con- 
^^l^ive  twitching  in  the  ears,  nostrils,  lips,  arid  cheeks. 

If  the  facial  nerve  be  divided  in  one  of  the  lower  animals,  as,  for 

'^^inple,  in  the  cat,  immediately  after  its  emergence  from  the 
^Viylo-mastoid  foramen,  it  will  be  found  that  complete  muscular 
*^^^*alysia  has  occurred  in  all  those  parts  to  which  the  nerve  is  dis- 

*^t>uted,  while  the  power  of  sensation  remains  unimpaired.    The 

^itnal  is  incapable  of  moving  the  ear,  which  remains  constantly  in 
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the  same  position.    There  is  also  incapacity  of  closing  tlie  eyelHi^ 
owing  to  paralysis  of  the  orbicularis  oeuli,  and  the  eye  accordi&glf 
remains  constantly  open,  even  when  the  opposite  eye  is  closed : 
as  during  sleep,  or  in  the  act  of  winking.     If  the  conjunctiv*  bo 
touched,  the  animal  feeb  the  irritation^  and  endeavors  to  escipe 
from  it;  but  the  eyeball  is  only  dra^vn  partially  backward  into  llie  ' 
socket  by  the  action  of  the  recti  muscles^  and   the  third  eyelid  j 
pushed  partly  across  the  cornea.    The  complete  closure  of  the  eji  I 
is  impossible.     It  will  be  observed^  accordingly^  that  precisely  oppo- 
site  effects  are  produced  upon  the  eyelids  by  paralysis  of  the  oculo- 
motorins  nerve,  and  by  that  of  the  facial.     In  the  former  instance^ 
omng  to  the  paralysis  of  the  levator  palpebral  superioris,  the  eyi| 
is  always  partially  closed;  in  the  latter,  owing  to  paralysis  of  tit ' 
orbicularis,  it  is  always  partially  open.     The  movements  of  tk 
nares  are  also  suspended  on  the  side  of  the  injury,  and  if  the  aagk 
of  the  mouth  be  examined  on  that  side,  it  will  be  found  to  lumj : 
down  lower  than  on  the  opposite  side,  and  to  be  constantly  p&ftlTJ 
open,  owing  to  the  paralysis  of  the  orbicularis  oris  and  the  i 
tors  of  the  angle  of  the  mouth. 

These  are  the  only  inconveniences  which  follow  the  diviacm  M 
the  facial  nerve  in  the  cat,  but  in  some  other  of  the  lower  a 
where  various  muscular  organs  in  this  region  are  particularly  dk* 
veloped,  the  consequences  are  more  troublesome.  Thus,  in  the  rabbii 
the  ear,  upon  the  aftected  side,  falls  down,  and  cannot  be  raided  Of; 
pointed  in  different  directions ;  and  as  the  movements  of  the 
are  imporUint  in  these  animals,  as  aids  to  the  bearing,  the  per- 
fection of  this  sense  must  be  considerably  impaired  by  pamly^t^  d 
the  facial  nerve.    In  the  horse,  it  has  been  noticed  by  BeniaH* 
that  division  of  the  facial  on  both  sides  is  fatal  by  suffocatiOD.    Fa 
this  animal  breathes  exclusively  through  the  nostrils,  which  opoil 
widely  at  the  time  of  inspiration,  to  allow  the  admission  of  air.   Ul 
these  movements  be  suspended,  by  paralysis  of  the  facial  nerrevtltt] 
nostrils  immediately  collapse,  and  the  animal  dies  by  suffi>catiaiL 

In  the  human  subject,  the  facial  nerve  is  occasionally  paralf 
upon  one  side»  sometimes  from  sympathetic  irritation,  sonaecia 
from  organic  disease  in  the  petrous  portion  of  the  temporal 
or  within  the  cranial  cavity  near  the  origin  of  the  nerve.     In  ehkrl 
case,  an  extremely  well-marked  affection  is  the  result^  knowi  i 


*  1>^ntiii  snr  U  Plijsiologie  ei  In  Patliologie  du  Sjs^Uiue  Nerrcnx,  P&na,  t^\ 
wot  ii.  p,  38. 
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ondition  ia  chiefly  cbaracterized  by  an 
entire  absence  of  expression  on  the  affected  side  of  the  face.  The 
lower  eyelid  sinks  downward,  from  paralysis  of  the  orbicularis 
muscle,  and  cannot  be  closed. 

The  corner  of  the  month  also  falls  downward,  and  the  whole 
lower  part  of  the  face  is  drawn  over  to  the  opposite  side,  by  the 
ioToe  of  the  antagonistic  muscles.  The  lips  are  unable  to  retain 
tli€  fluids  of  the  mouth ;  and  the  saliva  dribbles  away  from  between 
them,  giving  to  that  side  of  the  face  a  remarkably  vacant  and 
helpless  appearance. 

The  principal  inconvenience,  bowever,  suffered  by  the  human 
sxil)ject  in  facial  paralysis,  depends  upon  the  want  of  action  of  the 
xn^Hscles  about  the  lips  and  cheek.  In  drinking,  the  fluids  escape 
^y  the  corner  of  the  mouth,  and  in  mastication  the  food  has  partly 
^  tendency  to  escape  by  the  same  opening,  and  partly  accumulates, 
on  the  affected  side,  between  the  gums  and  the  cheek,  owing  to  the 
paralysis  of  the  buccinator  muscle,  which  receives  its  motor  fila- 
ments from  the  fecial  nerve.  Thus,  the  action  of  all  the  superficial 
fecial  muscles  is  suspended,  the  expression  of  the  face  is  destroyed^ 
***id  the  movements  of  the  lips  and  the  prehension  of  the  food 
®^rtously  interfered  with. 

Though  the  facial,  however,  be  essentially  a  motor  nerve,  yet  its 

principal  branches  distributed  to  the  face  have  a  certain  degree  of 

^nsibility ;  that  is,  when  these  branches  are  irritated  in  the  middle 

^f  their  course,  the  animal  immediately  gives  evidence  of  a  painful 

sensation,    Longet  has  shown,  by  an  extremely  ingenious  mode 

^'  experiment,*  that  this  sensibility  of  the  branches  of  the  facial 

^oe«  not  depend  on  any  sensitive  fibres  of  their  own,  but  upon 

^Kose  which  they  derive  from  inosculation  with  the  fifth  jmir.     He 

exposes,  for  example,  the  facial  nerve  in  the  dog,  and,  irritating  its 

Prtucipal  branches  one  after  the  other,  at  each  application  of  the 

^^rttant  there  are  evident  signs  of  pain.     He  then  divides  the  facial 

^erve  at  its  point  of  exit  from  the  stylomastoid    foramen,  and 

fitids  that,  after  this  operation,  the  sensibility  of  its  branches  still 

^^tnains.      The  fibres,  accordingly,  up*>n   which   this   sensibility 

^^pends,  do  not  pass  out  with   the   trunk  of  the  nerve,  but  are 

^orived  from  some  other  source.     The  experimenter,  then,  upon 

^^other  animal,  divides  the  fifth  pair  within  the  skull,  leaving  the 

facial  untouched;   and  afterward,  on  irritating  as  before  the  ex- 

iFhjdologie,  voL  iL  pp.  354-357« 
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posed  braDcbes  of  the  latter  nerve,  he  finds  that  its  sensibility  tas " 
entirely  disappeared.    It  is  by  filaments,  accordingly,  derived  from 
the  fifth  pair,  that  a  certain  degree  of  eensibility  is  commqnicilied 
to  the  branches  of  the  faciaL 

These  facts  account  for  the  peculiar  circumstano©  that,  in  omi 
of  tic  douloureux,  the  spasmodic  pain  sometimes  follows  exacd; 
the  course  of  the  facial  nerve,  viz :  from  behind  the  ear  forwird 
upon  the  side  of  the  face ;  and  yet  the  section  of  this  nerve  doesM 
put  an  end  to  the  neuralgia,  bat  only  causes  paralysis  of  the  ficill 
muscles. 


Glosso-Phartngeal, — This  nerve  originates  from  the  gat 
matter  of  the  upper  and  posterior  portion  of  the  medulla  oV 
longata,  emerges  from  the  side  of  the  medullai  and  eniei^  tk 
posterior  foramen  lacerum  in  company  with  the  pneumogastric 
spinal  accessory.  While  in  the  jugular  fossa  it  presentji  a  gangliiuru 
enlargement,  called  the  ganglion  of  Andersch,  below  the  level  d^ 
which  it  receives  branches  of  communication  from  the  facial 
the  spinal  accessory.  It  then  runs  downward  and  forward,  and  i^ 
distributed  to  the  mucous  membrane  of  the  base  of  the  tong 
pillars  of  the  fauces,  soft  palate,  middle  ear,  and  upper  part  of  1 
pharynx.  It  also  sends  some  branches  to  the  constnctors  of  tie 
pharynx  and  the  neighboring  muscles,  Longet  has  found  tlii 
nerve  at  its  origin  to  be  exclusively  sensitive ;  but  below  the  lent 
of  its  ganglion  it  has  been  found  by  him^  as  well  as  by  vanoo 
other  observers,  to  be  both  sensitive  and  motor^  owing  to  the  fib 
of  communication  received  from  the  motornerves  montioned  ab 
Its  final  distribution  is,  however,  as  we  have  seen,  principally  to ' 
sensitive  surfaces.  The  principal  ofiice  of  this  nerve  is  to  imptn 
the  sense  of  taste  to  the  posterior  third  of  the  tongue,  to  which  ii  b 
distributed.  It  also  presides  over  the  general  sensibility  of  tlsis 
part  of  the  tongue,  as  well  as  that  of  the  fauces  and  pharynx. 

Dr.  John  Reid,*  who  has  performed  a  great  variety  of  experitDeos 
upon  this  nerve,  comes  to  the  following  conclusions  ia  regard  1o  it 
First,  that  it  is  essentially  a  sensitive  nerve,  since  there  ai^  uooqoi* 
vocal  signs  of  pain  when  it  is  pricked,  pinched,  or  cut  Seooae, 
that  irritation  of  this  nerve  produces  convulsive  movements  of  tbs 
throat  and  lower  part  of  the  face;  but  that  these  movemenl8are»ii 
great  measure,  not  direct,  but  refiex  in  their  character^  siaoe  tli^j 

^  In  Todd^fl  C/clopiedia  of  An&tomj  and  Fh/aiologj,  &rtlolo  Glotuf  jAtfpjtdl 
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ll  take  place  equally  well  after  the  glossa-pharyngeal  hafl  been 

ided,  if  the  irriution  be  applied  to  its  cranial  extremity.     Third, 

this  nerve  supplies  the  special  sensi^ity  of  taste  to  a  portion 

^the  tongue;  but  that  it  is  not  the  eocclusivt  nerve  of  this  sense, 

the  power  of  taste  remains,  after  it  has  been  divided  on  both 

ere  are  certain  reflex  actions,  furthermore,  which  take  place 

>agh  the  medium  of  the  glosso-pharyngeal  nerve.    After  the 

has  been  thoroughly  masticated,  it  is  carried,  by  the  move- 

^nts  of  the  tongue  and  sides  of  the  mouth,  through  the  fauces^ 

brought  in  contact  with  the  mucous  membrane  of  the  pharynx, 

lis   produces   an  impression  which,  conveyed   to   the   medalla 

longata  by  the  filaments  of  the  glosso-pharyngeal,  excites  the 

cles  of  the  fauces  and  pharynx  by  reflex  action.    The  food  is 

asequently  grasped  by  these  muscles,  without  the  concurrence  of 

I  will,  and  the  process  of  deglutition  is  commenced.     This  action 

not  only  involuntary,  but  it  will  frequently  take  place  even  in 

sition  to  the  will.     The  food,  once  past  the  isthmus  of  the  fauces, 

eyond  the  control  of  volition,  and  cannot  be  returned  except  by 

ivulsive  action,  equally  involuntary  in  its  character. 

Tatural  stimulants,  therefore,  applied  to  the  mucous  membrane 

I  the  pharynx,  excite  deglutition;  unnatural  stimulant*?,  applied 

ie  same  part,  excite  vomiting.     If  the  finger  be  introiluced  into 

:  &uces  and  pharynx,  or  if  the  mucous  membrane  of  these  parts 

irritated  by  prolonged  tickling  with  the  end  of  a  feather,  the 

ation  of  nausea,  conveyed  through  the  glosso-pharyngeal  nerve, 

Dmetiraes  so  great  as  to  produce  immediate  and  copious  vomit- 

This  method  may  often  be  successfully  employed  in  cases  of 

^ning,  when  it  is  desirable  to  excite  vomiting  rapidly,  and  when 

ietic  medicines  are  not  at  hand. 


'^PNEUKOGASTRrc. — Owing  to  the  numerous  connections  of  the 
jneumogastric  with  other  nerves,  its  varied  and  extensive  distribu- 
a,  and  the  important  character  of  its  functions,  this  is  properly 
arded  as  one  of  the  most  remarkable  nerves  in  the  whole  body. 
i'ng  to  the  wandering  course  of  its  fibres,  which  are  distributed 
I  no  less  than  four  different  vital  organs,  viz*,  the  heart,  lungSj 
aach  and  liver,  as  well  as  to  several  other  parts  of  secondary 
;)rtance,  it  has  been  often  known  by  the  name  of  the  par  vagum, 
pneumogastric  arises  from  a  collection  of  gray  matter  in  the 
ior  and  middle  portions  of  the  medulla  oblongata,  already 
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spoken  of  as  the  "nucleus"  of  the  pneumogastric  D«r?^.  It 
emerges,  by  a  number  of  separate  filaments,  from  tbe  lateral  poi* 
tion  of  the  medulla,  in  the  groove  between  the  olivary  and  itA- 
form  bodies.  These  filaments  unite  into  a  single  trunk,  whicli 
passes  out  of  the  cranium  through  the  jugular  canal,  where  it  is  I 
provided  with  a  ganglionic  swelling,  the  *' jugular  ganglion  of  thi  : 
pneumogastric  nerve.'*     Immediately  below  the  level  of  this  gas- 

glion  the  nerve  receives  an  important 
branch  of  communication  from  the  spiml  I 
accessory,  and  afterward  from  the  fa^  I 
cial,  the  hypoglossal^  and  the  anterior  I 
branches  of  the  first  and  second  cervt  | 
cals. 

At  its  origin,  the  pnenmogistric  is  I 
exclusively  a  sensitive  nerve.  Irritate!  I 
above  the  situation  of  the  jugular  gaa*  1 
glion,  it  has  been  found  to  convey  pttn-j 
ful  sensations  alone;  but  if  the  irrita^l 
tion  be  applied  at  a  lower  level,  ill 
causes  at  the  same  time  muscular  c<ni-j 
tractions,  owing  to  the  filaments  whickl 
it  has  received  from  the  above-mentioo^| 
motor  nerves.  It  becomes,  consequently, 
after  emerging  from  the  drani^  cavitjJ 
a  mixed  nerve;  and  has,  accardingly,  tal 
nearly  all  its  branches,  a  double  distrKj 
bution,  vi:s.|  to  the  mucous  membruHl| 
and  the  muscular  coat  of  the  orgias  ltt| 
which  it  belongs. 

The  ordinary  sensibility  of  the  ] 
mogastric  nerve,  however^  aa  all  i 
menters  have  observed,  is  exc 
dull,  in  comparison  with  that  of  the  otkcf  j 
sensitive  cranial  nerves.  We  have  oficaj 
divided  this  nerve  in  the  middle  of  th«| 
neck^  without  any  distinct  maQif68t%titt| 
of  pain  being  given  by  the  animal;  aBii| 
though  Bernard  has  found  that  at  i 
times  its  sensibility  is  well  marked,  widkj 
at  others  it  is  very  indistinct,  he  is  not  able  to  say  upon  wh«ij 
special  physiological  conditions  this  difference  depends.     Wliil«| 


Blagrain  of  Pirxcriioa autric 
IT  s R  V  x,  wUh  Um  prtii«li>bl  brnjichea. 
— L  Phtirytiife&l  brKDcb.  2  SuptK 
rlor  l&rjDfjoftl.  3.  lafedor  InrT'o* 
^t).  i.  Potnioaiirf  brmaehet.  6. 
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ae  pneamogastric,  however,  is  decidedly  deficient,  as  a  general 
le,  in  ordinarj  sensibility,  it  possesses^  as  we  shall  see  hereafter^ 
^nsibility  of  a  peculiar  kind,  which  is  exceedingly  important  for 
maintenance  of  the  vital  functions. 
In  passing  down  the  neck,  this  nerve  sends  branches  to  the  mu- 
>us  membrane  and  muscular  coat  of  the  pharynx,  oesophagus,  and 
respiratory  passages*  Among  the  most  important  of  these  branches 
the  two  laryngeal  nerves,  viz.,  the  superior  and  inferior.  The 
bperior  laryngeal  nerve,  which  is  given  off  from  the  trunk  of  the 
sumogastric  just  after  it  has  emerged  from  the  cavity  of  the  skull, 
[  downward  and  forward,  penetrates  the  larynx  by  an  opening  in 
i  side  of  the  th3rro-hyoid  membrane,  and  is  distributed  to  the  mu- 
I  membrane  of  the  larynx  and  glottis,  and  also  to  a  single  larvn- 
muscle,  viz.,  the  crico-thyroid.  Tliis  branch  is  therefore  partly 
iscular,but  mostly  sensitive  in  its  distribution.  The  inferior  la* 
eal  branch  is  given  off  just  after  the  pneumogastric  has  entered 
cavity  of  the  chest*  It  curves  round  the  subclavian  artery  on 
right  side  and  the  arch  of  the  aorta  on  the  left,  and  ascends  in 
groove  between  the  trachea  aud  CESophagus>  to  the  larynx.  It 
en  enters  the  larynx  between  the  cricoid  cartilage  and  the  pos- 
rior  edge  of  the  thyroid,  and  is  distributed  to  all  the  muscles  of 
larynx,  with  the  exception  of  the  cricothyroid.  This  branch 
13,  therefore,  exclusively  muscular  in  its  distribution. 

The   trunk  of  the  pneumogastric,  after   supplying   the   above 

inches,  as  well  as  sending  numerous  filaments  to  the  trachea 

o^ophagus  in  the  neck,  gives  oft'  in  the  chest  its  pulmonary 

inches,  which  follow  the  bronchial  tubes  in  the  lungs  to  their 

inutest  ramifications.     It  then  passes  into  the  abdomen  and  sup- 

ies  the  muscular  and  mucous  layers  of  the  stomach,  ramifying 

fer  both  the  anterior  and  posterior  surfi^ces  of  the  organ ;  after 

sich  its  fibres  spread  out  and  arc  distributed  to  the  liver,  spleen, 

icreas,  and  gall-bladder. 

[The  functions  of  the  pneumogastric  will  now  be  successively 

lied  in  the  various  organs  to  which  it  is  distribuled. 

Pharynx  a  ml  (Esophagus, — The  reflex  action  of  deglutition,  which 

already  been  described  as  commencing  in  the  upper  part  of  the 

irynx,  by  means  of  the  glosso-pharyngeal,  is  continued  in  the 

rer  portion  of  the  pharynx  and  throughout  the  cesophagus  by 

*  aid  of  the  pneumogastric.     As  the  food  is  compressed  by  the 

3rior  constrictor  muscle  of  the  pharynx  and  forced  downward, 

Eexcites  the  mucous  membrane  with  which  it  is  brought  in  contact 
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and  gives  rise  to  anotter  contraction  of  the  middle  constrictor.  Tbe 
lower  constrictor  is  then  brought  into  action  in  its  turn  in  a  simntr 
manner ;  and  a  wave-like  or  peristaltic  contraction  is  thence  pro- 
pagated  throughout  the  entire  length  of  the  cesophagus*  by  wliich 
the  food  is  carried  rapidly  from  above  downward,  and  conducted  at 
last  to  the  stomach.     Each  successive  portion  of  the  mucous  mem* 
brane,  in  this  instance,  receives  in  turn  the  stimulus  of  the  food, 
and  excites  instantly  its  own  muscles  to  contraction ;  eo  that  the 
food  passes  rapidly  from  one  end  of  the  oesophagus  to  the  other^  hj 
an  action  which  is  wholly  reflex  in  character  and  entirely  withdrawn  * 
from  the  control  of  the  wilL     Section  of  the  pneumogastric,  or  of 
its  pharyngeal  and  oesophageal  brancheSi  destroys  therefore  at  the  i 
same  time  the  sensibility  and  the  motive  power  of  these  parts.   The  J 
food  is  no  longer  conveyed  readily  to  the  stomach,  but  accumalitesil 
in  the  paralyzed  oesophagus,  into  which  it  is  forced  by  the  voluntaiy  ] 
movements  of  the  mouth  and  fauces,  and  by  the  continued  aotsoQi 
of  tbe  upper  part  of  the  pharynx. 

It  must  be  remembered  that  the  general  sensibility  of  the  < 
phagus  is  very  slight,  as  compared  with  that  of  the  integument^  or' 
even  of  the  mucous  membranes  near  the  exterior.  It  is  a  geoenl 
rule,  in  fact,  that  the  sensibility  of  the  mucous  membranes  is  mast 
acute  at  the  external  orifices  of  their  canals ;  as,  for  example,  at  ^ 
lips,  anterior  nares,  anus,  ori6ce  of  the  urethra,  Ac,  It  diminisba 
constantly  from  without  inward,  and  disappears  altogether  at  i 
certain  distance  from  the  surface.  The  sensibility  of  the  pharynx 
is  less  acute  than  that  of  the  mouth,  but  is  still  sufficient  to  eoaUe 
us  to  perceive  the  contact  of  ordinary  subst^ices;  while  in  thf 
cesophagus  we  are  not  usually  sensible  of  the  impressiou  of  the  food 
as  it  passes  from  above  downward.  The  reflex  action  takes  phoe 
here  without  any  assistance  from  the  consciousness ;  and  it  is  oclj 
when  substances  of  an  unusually  pungent  or  irritating  natans  Alt 
'mingled  with  the  fcKjd,  that  its  passage  through  the  oesopbagnspftKJ 
duces  a  distinct  sensation. 

Larynx. — We  have  already  described  the  course  and  distribuliosl 
of  the  two  laryngeal  branches  of  the  pneumogastric*  The  superior 
laryngeal  nerve  is  principally  the  sensitive  nerve  of  the  larynx. 
Its  division  destroys  sensibility  in  the  mucous  membrane  of  thii 
organ,  but  paralyzes  only  one  of  its  muscles^  viz :  the  crico4hyroii 
Galvanization  of  this  nerve  has  also  been  found  to  induce  cod* 
tractions  in  the  crico-tbyroid,  but  in  none  of  the  other  mojckf 
belonging  to  the  larynx.     The  inferior  laryngeal,  on  the  odwr 
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land,  is  a  motor  nerve.  Its  division  paralyzes  all  the  muscles  of 
be  larynx  except  the  crico-thyroid ;  and  irritation  of  its  divided 
ctremity  produces  contraction  in  the  same  mu&clea.  The  musclea 
Ind  mucous  membrane  of  the  larynx  are  therefore  supplied  by  two 
lifferent  branches  of  the  same  trunk,  viz,,  the  superior  laryngeal 
Serve  for  the  mucous  membrane,  and  the  inferior  laryngeal  nerve 
for  the  muscles. 

The  larjnx,  in  man  and  in  all  the  higher  animals,  performs  a 
louble  function ;  one  part  of  which  is  connected  with  the  voice^  the 
ther  with  respiration. 
The  formation  of  the  voice  in  the  larynx  takes  place  as  follows. 
If  the  glottis  be  exposed  in  the  living  animal,  by  opening   the 
pharynx  and  oesophagus  on  one  side,  and  turning  the  larynx  for- 
ward, it  will  be  seen  that  so  long  as  the  vocal  chords  preserve 
ieir  usual  relaxed  condition  during  expiration,  no  sound  is  heard, 
tcept  the  ordinary  faint  whisper  of  the  air  passing  gently  through 
ae  ca^aty  of  the  larynx.     When  a  vocal  sound,  however,  is  to  l>e 
produced,  the  chords  are  suddenly  made  tense  and  applied  closely 
each  other,  so  as  to  diminish  very  considerably  the  size  of  the 
rifice;   and  the  air,  driven  by  an  unusually  forcible  expiration 
rough  the  narrow  opening  of  the  glottis,  in  passing  between  the 
ibrating  vocal  chords,  is  itself  thrown  into  vibrations  which  pro- 
ace  the  sound  required.     The  tone,  pitch,  and  intensity  of  this 
>und,  vary  with  the  conformation  of  the  larynx,  the  degree  of  ten- 
5n  and  approximation  of  the  vocal  chords,  and  the  force  of  the 
tpiratory  effort.     The  narrower  tlve  opening  of  the  glottis^  and  the 
*ter  the  tension  of  tlic  chords,  under  ordi  nary  circumstances,  the 
acute  the  sound ;  while  a  wider  opening  and  a  less  degree  of 
isioa  produce  a  graver  note.     The  quality  of  the  sound  is  also 
lified  by  the  length  of  the  column  of  air  included  between  the 
|ottis  and  the  mouth,  the  tense  or  relaxed  condition  of  the  walls 
the  pharynx  and  fauces,  and  the  state  of  dryness  or  moisture  of 
be  mucous  membrane  lining  the  aerial  passages. 
Articulation,  on  the  other  hand,  or  the  division  of  the  vocal  sound 
into  vowels  and  consonants,  is  accomplished  entirely  by  the  lips, 
tongue,  teeth,  and  fauces.     These  organs,  however,  are  under  the 
i3ontroI  of  other  nerves,  and  the  mechanism  of  their  action  need  not 
Qupy  lis  here. 

^Since  the  production  of  a  vocal  sound,  therefore,  depends  upon 
ie  tension  and  jx»sition  of  the  vocal  chords,  as  determined  by  the 
fetion  of  the  hiryogeal  muscles,  it  is  not  surprising  that  division  of 
29 
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the  inferior  laryngeal  nerves,  by  paralyzing  these  muK^les,  should 
produce  a  loss  of  voice.  It  hos  been  sonietimea  found  that  ia  Terj 
young  animals  the  crico-thyroid  muscles,  which  are  the  only  ona 
not  affected  by  division  of  the  inferior  laryngeal  nerves*  are  still 
fiufEcient  to  give  some  degree  of  tension  to  the  vocal  chonla*  aoid 
to  produce  in  this  way  an  imperfect  sound ;  but  usually  the  vaioft 
is  entirely  lost  after  such  an  operation. 

It  is  a  very  remarkable  fact,  however,  in  this  connection,  that  iH 
the  motor  filaments  of  the  pneumogastric,  which  are  concerned  in 
the  formation  of  the  voice,  are  derived  from  a  single  source.    It 
will   be  remembered   that   the  pneumogastric,  itself   originaUy  a 
sensitive  nerve,  receives  motor   filaments,  on  leaving  the  cranial j 
cavity,  from  no  less  than  five  different  nerves.    Of  the^  filament^ 
however,  those  coming  from  the  spinal  accessory  are  the  only  odoIj 
necessary  to  the  production  of  vocal  sounds.     For  it  h^^been  fouikd^ 
by  Bischoff  and  by  Bernard^  that  if  all  the  roots  of  the  spinal  acces* 
sory  be  divided  at  their  origin,  or  if  the  nerve  itself  be  torn  away 
at  its  exit  from  the  skull,  all  the  other  cranial  nerves  reniaini&g  i 
untouchetl,  the  voice  is  lost  as  completely  aa  if  the  inferior  lar^fl 
geal  itself  had  been  destroyed.     All  the  motor  fibres  of  the  pnca-  ■ 
mogastric,  therefore,  which  act  in  the  formation  of  the  voice  are 
derived,  by  inosculation,  from  the  spinal  accessory  nerve* 

In  rGspiraiion,  again,  the  larynx  performs  another  and  still  more 
important  function.     In  the  first  place,  it  stands  as  a  sort  of  guard*. 
or  sentinel,  at  the  entrance  of  the  respiratory  passages,  to  prere 
the  intrusion  of  foreign  substances.   If  a  crumb  of  bread  accideGUUyl 
fall  within  the  aryteoo-epiglottidean  folds,  or  upon  the  r  ' 
vocal  chords,  or  upon  the  posterior  surface  of  the  e}  i,^ 
sensibility  of  these  parts  immediately  excites  a  violent  expaUv 
cough,  by  which  the  foreign  body  is  dislodged.     The  in*- 
received  and  conveyed  inward  by  the  sensitive  fibres  of  the  .  ,-j 
laryngeal  nerve,  is  reflected   back   upon   the  expiratory  muscitf 
of  the  chest  and  abdomen,  by  which  the  instinctive  movements  wf  i 
coughing  arc  accomplished.     Touching  the  above  parts  with  tbo  ] 
point  of  a  needle,  or  pinching  them  with  the  blades  of  a  fonxq«^  \ 
will  produce  the  same  effect.     This  reaction  is  essentially  depetideot 
on  the  sensibility  of  the  laryngeal  mucous  membrane;  and  it  caa 
no  longer  be  produced  after  section  of  the  pneumogastric  nerrc,  <^ 
of  its  superior  laryngeal  branch. 

In  the  second  place,  the  respiratory  movements  of  the  gloUiSf  aires-  r 
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lescribed  in  a  previous  chapter^  are  of  the  greatest  importance  to 
ae  pre^rvation  of  life.  We  have  seen  that  at  the  moment  of 
spiration  the  vocal  chords  are  separated  frura  each  other,  tind  the 
lottis  opened,  by  the  action  of  the  posterior  crico-arjtenoid  muscles ; 
and  that  in  expiration  the  muscles  and  the  vocal  chords  are  both 
elaxed,  and  the  air  allowed  to  pass  out  readily  th rough  the  glottis. 
The  opening  of  the  glottis  in  inspiration,  therefore,  is  an  active 
movement,  while  its  partial  closure  or  collapse  in  expiration  is  a 
~  ssive  one.  Furthermore,  the  opening  of  the  glottis  in  inspiration 
necessary  in  order  to  afford  a  sufficiently  wide  passage  for  the 
air,  in  it^  way  to  the  trachea,  bronchi,  and  pulmonary  vesicles. 

Now  we  have  found,  as  Budge  and  Longet  had  previously  no- 
ticed, that  if  the   inferior   laryngeal  nerve  on  the  right  side  be 
ivided  while  the  glottis  is  exposed  as  above,  the  respiratory  move- 
Bents  of  the  right  vocal  chord  instantly  cease,  owing  to  the  para- 
|rsis  of  tlie  posterior  crico-aryteuoid  muscle  on  that  side.     If  the 
ferior  laryngeal  nerve  on  the  left  side  be  also  divided^  the  para- 
its  of  the  glottis  is  then  complete,  and  its  respiratory  movements 
altogether.     A  serious  difEculty  in  respiration  is  the  imnie- 
ite  consequence  of  this  operation.     For  the  vocal  chords,  being 
longer  stretched  and  separated  from  each  other  at  the  moment 
'  inspiration,  but  remaining  lax  and  flexible,  act  as  a  double  valve, 
1(1  are  pressed  inward  by  the  column  of  inspired  air;  thus  par- 
tly blocking  up  the  passage  and  impeding  the  access  of  air  to 
be  lungs.    If  the  pneumogastrics  be  divided  in  the  middle  of  the 
Bck,  the  larynx  is  of  course  paralyzed  precisely  as  after  section 
the  inferior  laryngeal  nerves,  since  these  nerves  are  given  off 
ily  after  the  main  trunks  have  entered  the  cavity  of  the  chest. 
iie  immediate  effect  of  either  of  these  operations  is  to  produce 
:  difficulty  of  inspiration,  accompanied  by  a  peculiar  wheezing  or 
eking  noise,  evidently-  produced  in  the  larynx  and  dependent  on 
be  falling  together  of  the  vocal  chords*     In  very  young  animals, 
for  example,  in  pups  a  few  days  old,  in  whom  the  glottis  is 
laller  and  the  larynx  less  rigid  than  in  adult  dogs,  this  difficulty 
much  more  strongly  marked.    Legallois*  has  even  seen  a  pup 
vo  days  old  almost  instantly  suffocated  after  section  of  the  two 
iferior   laryngeal   nerves.     We   have   found   that,  in  pups  two 
eks  old,  division  of  the  inferior  laryngeals  is  followed  by  death 
the  end  of  from  thirty  to  forty  hours,  evidently  from  impeded 
spi  ration. 

'  In  Long«t*i  Triiit4  de  PbvtiologSe,  voh  iL  p,  324* 
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The  iraportane-e,  therefore,  of  these  movementa  of  the  glottis  m    , 
respiration  becomes  very  evident.     They  are,  in   fact  part  and 
parcel  of  the  general  respiratory  movements,  and  are  necegaary  lo 
a  due  performance  of  the  function.     It  has  been  found.  mort30YeT, 
that  the  motor  filaments  concerned  in  this  action  are  not  derivtJ, 
like  those  of  the  voice,  from  a  single  source*     While  the  vocal 
movements  of  the   larynx  are  arrested,  as  mentioned  al>ove,  by 
division  of  the  spinal  accessory  alone,  those  of  respiration  still  go 
on;  and  in  order  to  put  a  stop  to  tlie  latter,  either  the  pneumo 
gastrics  themselves  must  be  divided^  or  all  five  of  the  motor  nennw  , 
from  which  their  accessory  filaments  are  derived.     This  fact  hfti 
been  noticed  by  Longet  as  showing  that  nature  multiplies  the  aife- 
guards  of  a  function  in  proportion  to  its  importance ;  for  while  tbe  j 
spinal  accessory,  or  any  other  one  of  the  above-mentioned  nenre^i 
miglit  bo  aflected  by  local  accident  or  disease,  it  would  be  veiy 
improbable  that  any  single  injury  should  paialyze  simu!taneoQi»lr 
tbe  spinal  accessory,  the  facial,  the  hypoglossal,  and  the  fin«t  aiid 
second  cervical s.     The  respiratory  movements  of  the  larynx  we 
consequently  mach  more  thoroughly  protected  than  those  vrhkhi 
are  merely  concerned  in  the  formation  of  the  voice. 

Lungj^, — The  influence  of  the  pneumogastric  upon  tlie  tuncu'^u 
of  the  lungs  is  exceedingly  important.     The  nerv^e  acts  here,  &«  la 
most  other  organs  to  which  it  is  distributed,  in  a  doable  or  mtjui 
capacity;  but  it  is  principally  as  the  sensitive  nerve  of  the  hr' 
that  it  has  thus  iar   received   attention.     It  is  thia  nerve  vh:,, 
conveys  from  the  lungs  to  the  medulla  oblongata  that  peetUiir 
impression^  termed  besom  de  respirer,  which  excites  by  reflex  j 
the  diapliragm  and  intercostal  muscles,  and  keeps  up  the  pbr  of  | 
the  respiratory  movements.    As  we  have  already  shown,  thi*^  adiott  , 
is  an  involuntary  one,  and  will  even  take  place  when  conscioitsoMJ 
is  entirely  susjxjndcd.     It  may  indeed  be  arrested  for  a  * 
effort  of  the  will;  but  the  impression  conveyed  to  the  iii 
becomes  so  strong,  and  the  stimulus  to  inspiration  so  urgent  tbit  j 
they  can  no  longer  be  resisted,  and  the  muscles  contract  in  spite  tf] 
our  attempts  to  restrain  them. 

A  very  remarkable  effect  is  accordingly  produced  on  respin^  j 
by  simultaneous   division   of  both   pneumogastric   nervt^    Tlai| 
experiment  is  best  peribrmed  ou  adult  dogs,  which  mav  V'  * 
ized,  and  the  nerves  exposed  while  the  animal  is  in  a  conV 
insensibility,  avoiding,  in  this  way,  the  disturbance  of  rt>^ 
which  would  follow  if  the  dissection  were  performed  while  m^ 
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aal  was  couscious  and  sensible  to  pain.  After  the  effects  of  the 
jtherization  have  entirely  passed  off;  and  respiration  and  circulation 
ive  both  returned  to  a  quiescent  condition,  the  two  nerves,  which 
ive  been  previously  exposed  and  secured  by  a  loose  ligature,  may 

instantaneously  divided,  and  the  effects  of  the  operation  readily 
^pr©ciated. 

Imraed lately  after  the  division  of  the  nerves,  when  peiformed  in 
ie  above  manner,  the  respiration  is  hurried  and  difficult,  owing  to 

sudden  paralysis  of  the  larynx  and  partial  closure  of  the  glottis 

the  vocal  chords,  as  already  described.  Tliis  condition,  how- 
Fer,  is  of  short  continuance.  In  a  few  moments,  the  difficulty  of 
teathiDg  and  the  general  agitxition  subside,  the  animal  becomes 
Brfectly  quiet,  and  the  only  remaining  visible  effect  of  the  opera- 
is  a  diminished  fr^ucnry  in  the  movements  of  respiration.  This 
iminution  is  frequently  strongly  marked  from  the  first,  the  number 

respirations  falling  at  once  to  ten  or  fifteen  per  minute,  and  be- 
>ming,  in  an  hour  or  two,  still  farther  reduced.     The  respirations 

\  performed  easily  and  quietly ;  and  the  animal,  if  left  undisturbed. 
smains  usually  crouched  in  a  coruer,  without  giving  any  special 
Sgns  of  discomfort.     If  he  be  aroused  and  compelled  to  move 

>ut,  the  frequency  of  the  respiration  is  temporarily  augmented ; 
it  as  soon  as  he  is  again  quiet,  it  returns  to  its  former  standards 
iy  the  second  or  third  day,  the  number  of  respirations  is  often 

laced  to  five,  four,  or  even  three  per  minute ;  when  this  is  the 

e,  the  animal  usually  appears  very  sluggish,  and  is  roused  with 
||ifficulty  from  his  inactive  condition.     At  this  time  the  respiration 

not  only  diminished  in  frequency,  but  is  also  performed  in  a 

suliar  manner.  The  movement  of  inspiration  is  slow,  easy,  and 
lent,  occupying  several  seconds  in  its  accomplishment;  expiration, 

the  contrary,  is  sudden  and  audible,  and  is  accompanied  by  a  well 
parked  expulsive  effort,  w^hich  has  the  appearance  of  being,  to  a 
*rtain  extent,  voluntary  in  character.  The  intercostal  spaces  also 
ink  inward  during  the  lifting  of  the  ribs  ;  and  the  whole  movement 

respiration  has  an  appearance  of  insufficiency,  as  if  the  lungs 

rere  not  thoroughly  filled  wnth  air.     This  insufficiency  of  respira- 

^n  is  undoubtedly  owing  to  a  peculiar  alteration  in  the  pulmonary 

tare,  which  has  by  this  time  already  commenced. 

Death  takes  place  at  a  period  varying  from  one  to  six  days  after 

be  operation,  according  to  the  age  and  strength  of  the  animal. 

je  only  symptoms  accompanying  it  are  a  steady  failure  of  the 

spiration,  with  increased  sluggishness  and  indisposition  to  be 
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aroufiod.    There  are  no  convulsions,  nor  any  evideuoes  of  poitL 
After  death  the  lungs  are  found  in  a  peculiar  state  of  ^  ".•A 

which  is  almost  exclosivclj  a  consequence  of  this  oj....*..  ..,  ^\A 
which  is  entirely  diBercnt  from  ordinary  inflammatory  hepatiziUiyu, 
They  are  not  swollen,  but  rather  smaller  than  natural.  They  arc 
of  a  dark  purple  color,  leathery  and  resisting  to  the  feci  destituic 
of  crepitation,  and  infiltrated  with  blood.  Pieces  of  the  long  ©it 
out  sink  in  water.  The  pleural  surfaces^  at  the  same  time^  arebri^t 
and  polished,  and  their  cavity  contains  no  effasion  or  exudativa 
The  lungs,  in  a  word»  are  simply  engorged  with  blood  aod  empty 
of  air ;  their  tissue  having  undergone  no  other  alteration. 

These  changes  are  not  generally  uniform  over  both  lungs.  The 
organs  are  usually  mottled  on  their  exterior ;  the  variations  in  odor 
corresponding  with  the  diflereut  degrees  of  alteration  exhibiied  by 
diflerent  parts. 

The  explanation  usually  adopted  of  the  above  conseqaenc«s  W- 
lowing  division  of  the  pneumugastrics  is  as  follows:  The  nenra 
being  divided,  the  impression  which  originates  in  the  lang^  twm 
the  accumulation  of  carbonic  acid,  and  which  is  destined  tii  exciWi 
the  respiratory  movements  by  reflex  action,  can  no  longer  be  tram- 
rnitted  to  the  medulla  oblongata.  The  natural  stimulus  to  respia- 
tion  being  wanting,  it  is,  accordingly,  less  perfectly  performed,  Tfcft 
respiratory  movements  diminish  in  frequency,  and,  growing  cm- 
tinually  slower  and  slower,  flnally  cease  altogether,  and  deaiii  is 
the  result. 

The  above  explanation,  however,  is  not  altogether  suflicient  II 
accounts  very  well  for  the  diminished  frequency  of  respiration,  W 
not  for  its  partial  continuance.  For  if  the  pneumogastric  ncntt 
be  really  the  channel  through  which  the  stimulus  to  respiratioii ii 
conveyed  to  the  medulla,  the  difficulty  is  not  to  understand  flj 
respiration  should  be  retarded  after  division  of  these  nervoa^  Vi 
why  it  should  continue  at  all  In  point  of  fact,  the  respifitaff 
movements,  though  diminished  in  frequency,  continuo  often  fa 
some  days  after  this  operation.  This  cannot  be  owing  U>  fbrarf 
habit,  or  to  any  remains  of  nervous  influence,  as  has  boeOMi^, 
times  suggested,  since,  when  the  medulla  itself  is  destroyed,  rcspifi* 
tion,  as  we  know»  stops  instantaneously,  and  no  attempt  at  mot^ 
ment  is  made  after  the  action  of  the  nervous  centre  is  suj^t 

It  is  evident,  therefore,  that  the  pneumogastric  nerve.  th"ii^ 

chief  agent  by  which  the  respiratory  stimulus  is  oanveve*!  u^  t- 

^medulla,  is  not  the  only  one.    The  lungs  are   undoublcdlj  tk« 
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e^rgans  which  are  most  sensitive  to  an  accumulation  of  carhooic 
cid,  and  an  imperfect  arterialization  of  the  blood ;  and  the  sensa- 
ioQ  which  results  from  such  an  accuraulation  is  accordingly  first 
3I1  in  them.    There  is  reason  to  believe,  however,  that  all  the  vas- 
cular organs  are  more  or  less  capable  of  originating  this  impression* 
ind  that  all  the  sensitive  nerves  are  capable,  to  some  extent,  of  trans- 
mitting it.     Although  the  first  disagreeable  sensation,  on  holding 
i\iB  breath,  makes  itself  felt  in  the  lungs,  yet,  if  we  persist  in  sus- 
ending  the  respiration,  we  soon  become  conscious  that  the  feeling 
»f  discomfort  spreads  to  other  parts ;  and  at  last,  when  the  accu- 
mulation of  carbonic  acid  and  the  impurity  of  the  blood  have 
:)me  excessive,  all  parts  of  the  body  sufler  alik^,  and  are  per* 
aded  by  a  general  feeling  of  derangement  and  distress.     It  is  easy, 
lerefore,  to  understand  why  respiration  should  be  retarded,  after 
section  of  the  pneumogastrics,  since  the  chief  source  of  the  stimulus 
to  respiration  is  cut  ofi*;  but  the  movements  still  go  on,  though  more 
slowly  than  before,  because  the  other  sensitive  nerves,  which  con- 
^0ue  to  act,  are  also  capable,  in  an  imperfect  manner,  of  conveying 
le  same  impression. 
The  immediate  cause  of  death,  after  this  operation,  is  no  doubt 
Itbe  altered  condition  of  the  lungs.     These  organs  are  evidently 
fery  imperfectly  filled  with  air,  for  some  time  previous  to  death ; 
and  their  condition,  as  shown  in  post-mortem  examination,  is  evi- 
lently  incompatible  with  a  due  performance  of  the   respiratory 
inction.     It  is  not  at  all  certain,  however,  that  these  alterations 
the  pulmonary  tissue  are  directly  dependent  on  division  of  the 
pneumogastric  nerves.     It  must  be  recollected  that  when  the  sec- 
lion  of  the  pneumogastrics  is  performed  in  the  middle  of  the  neck, 
filaments  of  the  inferior  laryngeal  nerves  are  also  divided,  and 
narrowing  of  the  glottis,  produced  by  their  paralysis,  must 
irily  interfere  with  the  free  admission  of  air  into  the  chest. 
?his  difBculty,  either  alone  or  combined  with  the  diminished  fre^ 
[uuncy  of  respiration,  must  have  a  very  considerable  effect  in  im- 
liag  the  pulmonary  circulation,  and  bringing  the  lungs  into  such 
condition  as  unfits  them  for  maintaining  life. 
In  order  to  ascertain  the  comparative  influence  upon  the  lungs 
of  division  of  the  inferior  laryngeals  and  that  of  the  other  filaments 
if  the  pneumogastrica,  we  have  resorted  to  the  following  experi- 
lent. 
Two  pups  were  taken,  belonging  to  the  same  litter  and  of  the 
ae  she  and  vigor,  about  two  weeks  old.     In  one  of  them  (No.  1) 
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the  pneumogastrics  were  divided  in  the  middle  of  the  neck ;  and 
in  the  other  (No.  2)  a  section  was  made  at  the  same  time  of  the 
inferior  laryn^^eals,  the  tnmk  of  the  pneumogastrics  being  left  tm- 
touched.     For  the  first  few  seconds  after  the  operation,  there  wm 
but  little  difference  in  the  condition  of  the  two  animals.     There  w«s 
the  same  obstruction  of  the  breath  (owing  to  closure  of  the  glottis]^ 
the  same  gaspiog  and  snckinfj  inspiration,  and  the  same  frothing  ai 
the  moutb.     Very  S(X>d,  however,  in  pup  No*  1,  the  respiratory  i 
movements  became  quiescent,  and  at  the  same  time  much  redoocd 
in  frequency,  falling  to  ten,  eight,  and  five  respirations  per  miDut^  i 
as  usual  ai\er  section  of  the  pneumogastrics;  while  in  No.  2  the  I 
respiration  cootinued  frequent  as  well  as  laborious,  and  the  general  | 
signs  of  agitation  and  discomfort  were  kept  up  for  one  or  two  hour? 
The  animal,  however,  after  that  time  became  exhausted,  e^ool,  and  I 
partially  inseniaiblei  like  the  other.    They  both  died,  between  thirty  I 
and  forty  hours  after  the  operation.     On  poHt-mortem  inspection  it] 
was  found  that  the  peculiar  congestion  and  solidification  of  lb«| 
lungs,  considered  as  characteristic  of  division  of  the  pneamogastrics^l 
existed  to  a  similar  extent  in  each  instance;  and  the  only  appre^j 
ciable  difference  between  the  two  bodies  was  that  in  No,  1  the  blood] 
was  coagulated,  and  the  abdominal  organs  natural,  while  in  No,  3| 
the  blood  was  fluid  and  the  abdominal  organs  congested.     We  are] 
led,  accordingly,  to  the  following  conclusions  with  regard  to  ihflj 
effect  produced  by  division  of  this  nerve. 
1-  After  section  of  the  pneumogastrics,  death  takes  place  by  a  peoti*] 

liar  congestion  of  the  lungs. 
2.  This  congestion   is  not  directly  produced   by  division   of 

nerves,  but  is  caused  by  the  imperfect  admission  of  air  into  1 

chest 

In  adult  dogs,  the  closure  of  the  glottis  from  paralysis  of 
laryngeal  muscles  is  less  complete  than  in  pups;  but  it  is 
sufficient  to  exert  a  very  decided  influence  on  respiration,  aod  IqI 
take  an  active  part  in  the  production  of  the  subsequent  murbill 
phenomena. 

We  therefore  regard  the  death  which  takes  plaoe  after  dii 
of  both  pneumogastric  nerves,  as  produced  in  the  foUowiog  uni 
ner  :— 

The  glottis  is  first  narrowed  by  paralysis  of  the  laryngetl  mi 
cles,  and  an  imperfect  supply  of  air  is  consequently  admitted,  bf  j 
each  inspiration,  into  the  trachea,  Next»  the  stimulus  to  respiitlioft  j 
being  very  much  diminished,  the  respiratory  movements  take  plM  ( 
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frequently  than  usual    From  these  two  causes  combmed,  the 
jlood  is  imperfectly  art^jrialized.     But  the  usual  consequence  of 
^ch  a  condition,  viz.,  an  increased   rapidity  of  the   respiratory 
>vemeuts,  does  not  follow.     The   imperfect  arterialization   of 
|ie  blood  does  not  excite  the  respiratory  muscles  to  increased 
^tivity  as  it  would  do  in  healthy  owing  to  the  division  of  the  pueu* 
logastrics*     At  the  same  time,  the  accumulation  of  carbonic  acid 
in  the  blood  and  in  the  tissues  begins  to  exert  a  narcotic  effect, 
iininishing  the  sensibility  of  the  nervous  centres,  and  tending  to 
fetard  still  more  the  movements  of  respiration.     Thus  all   these 
luses  react  upon  and  aggravate  each  other  j  because  the  connec- 
>n,  naturally  existing  between  imperfectly  arterialized  blood  and 
stimulus  to  respiration^  is  now  destroyed*    The  narcotism  and 
ilmonary  engorgement,  therefore,  continue  to  increase,  until  the 
;ings  are  so  seriously  altered  and  engorged  that  they  are  no  longer 
ftpable  of  transmitting  the  blood,  and  circulation  and  respiration 
^me  to  an  end  at  the  same  time. 

It  must  be  remembered,  also,  that  the  pneumogastric  nerve  has 
ler  important  distributions,  beside  those  to  the  larynx  and  the 
ags;  and  the  effect  produced  by  its  division  upon  these  other 
^gans  has  no  doubt  a  certain  share  in  producing  the  results  which 
^llow.    Bearing  in  mind  the  very  extensive  distribution  of  the 
aeumogastric  nerve  and  the  complicated  character  of  its  func- 
:>ns,  we  may  conclude  that  after  section  of  this  nerve  death  takes 
lace  from  a  combination  of  various  causes;   the  most  active  of 
thich  is  a  peculiar  engorgement  of  the  lungs  and  imperfect  per- 
rmance  of  the  respiratory  function* 

Sloma^hf  and  Digestive  Function, — After  division  of  the  pneumo- 

stric  nerves,  the  sensations  of  hunger  and  thirst  remain,  and  the 

3retion  of  gastric  juice  continues.     Nevertheless  the  digestive 

inction  is  disturbed  in  various  ways,  though  not  altogether  abo- 

Bhed.    The  appetite  is  more  or  less  diminished,  as  it  would  be 

er  any  serious  operation,  but  it   remains   sufhcicntly  active  to 

kow  that  its  existence  is  not  directly  dependent  on  the  integrity  of 

pneumogastric  nerve.    Digestion,  however,  very  seldom  takes 

e,  to  any  considerable  extent,  owing  to  the  following  circum- 

locea :  The  animal  is  frequently  seen  to  take  food  and  drink  with 

Riderable  avidity ;  but  in  a  few  moments  afterward  the  food  and 

rink  are  suddenly  rejected  by  a  peculiar  kind  of  r^^'-^v'-^rition^ 

^lis  regurgitation  does  not  resemble  the  act  of  vom 

kbslnaced  swallowed  are  again  discharged  so  et 
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taneously  as  to  lead  to  tbe  belief  that  they  had  never  passed  imo 
the  stomach.  Such,  indeed,  is  actually  the  case,  as  any  one  nwj 
^nvince  himself  by  watching  the  process,  which  is  ofr  "  "  '  "'A 
by  the  animal  at  short  intervals.     The  food  and  drink,  t  m- 

tarily,  pass  down  into  the  cesophagus^  but  owing  to  the  paralysis  of 
the  muscular  fibres  of  this  canal,  ai=e  not  conveyed  into  the  Momack 
They  accumulate  consequently  in  the  lower  and  middle  part  of  the 
oesophagus ;  and  in  a  few  moments  are  rejected  by  a  sudden  antt- 
Btaltic  action  of  the  parts,  excited,  apparently,  through  the  influeofie 
of  tlie  great  sympathetic* 

The  muscular  coat  of  the  stomach  is  also  paralyzed  to  a  con- 
siderable extent  by  section  of  this  nerve.  Longet  has  shown,  br 
introducing  food  artificially  into  the  stomach,  that  gastric  juice 
may  be  secreted  and  the  food  be  actually  digested  and  disappear, 
wlien  introduced  in  small  quantity.  But  wlien  introduced  in  lar^ 
quantity,  it  remains  undigested,  and  is  found  after  death,  with  the 
exterior  of  the  muss  softened  and  permeated  by  gastric  juice^  while 
the  central  portions  are  unaltered,  and  do  not  even  seem  to  have 
come  in  contact  with  the  digestive  fluid.  This  is  undoubtedly 
owing  both  to  the  diminished  sensibility  of  the  mucous  membnmc 
of  the  stomach,  and  to  the  paralysis  of  its  muscular  fibres.  The 
periiitakic  action  of  the  organ  is  very  import^int  in  digestion,  ia 
order  to  bring  successive  portions  of  the  food  in  contact  with  it» 
mucous  membrane,  and  to  carry  away  such  as  are  already  saftvmaJ 
or  as  are  not  capable  of  being  digested  in  the  stomach.  Thu 
constant  movement  and  agitation  of  the  food  is  probably'  alao  ooe 
great  stimulus  to  the  continued  secretion  of  the  gastric  juica  Tb« 
digestive  fluid  will  therefore  be  deficient  in  quantity  after  divisioo 
of  the  piieumogastric  nerve,  at  the  same  time  that  the  peristal^ 
movements  of  the  stomach  are  suspended.  Under  these  circam* 
stances,  the  secretion  of  gastric  juice  may  be  sufficient  to  permeate 
and  digest  small  quantities  of  food,  while  a  larger  masa  may  vesid 
its  action,  and  remain  undigested.  The  elYect  produced  by  divisioo 
of  these  nerves  on  the  digestive,  as  on  the  respiratory  orgmn&i^ 
therefore  of  a  complicated  character,  and  results  from  the  combtoai 
action  of  several  different  causes,  which  infiuence  and  modify  eAcb 
other. 

The  effect  produced  upon  the  liver  by  section  of  the  pneumo- 
gastrics,  as  well  as  the  influence  usually  exerted  by  these  ncrtci 
upon  the  hepatic  functions,  has  been  so  little  studied  that  nolliiiif 
definite  has  been  ascertained  in  regard  to  it.  We  shall  therefore 
pass  over  this  portion  of  the  subject  in  silence. 
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'Spinal  Accessoi 


-Tins  nerve  originates,  by  many  filaments, 
ledulla  oblongata,  immediately  beluw  the 
plevel  of  the  pueumogastric,  and  alao  frum  the  lateral  oulumn  of  the 
ioftl  cordf  between  the  anterior  and  posterior  roots  of  the  upper 
re  or  six  cervical  nervei^.  The  nerve  has,  accordingly,  two  seta 
root-fibres,  viz.,  the  spinal  roots,  or  those  originating  from  the 
kteral  portion  of  the  spinal  cord;  and  the  medullary  roots,  or  those 
figinating  from  the  medulla  oblongata.  The  fibres  of  spinal  ori* 
^B  pass  upward,  uniting  into  a  slender  rounded  filament,  which 
iters  the  cavity  of  the  cranium  by  the  foramen  magnnm;  and  is 
ien  joined  by  the  fibres  which  originate  from  the  medulla  oblon- 
gata. The  spinal  accessory  nervCi  thus  constituted,  passes  out 
Irom  the  cavity  of  the  skull  by  the  posterior  foramen  lacerum,  lE 
company  ^nth  the  glosso-pharyngeal  and  pneumogastric  nerves, 
imediately  afterward  it  divides  into  two  principal  branches: 
Irst,  the  internal  or  anmtomoiic  branch,  w^hich  joins  the  pneumo- 
stric  nerve,  and  becomes  mingled  with  its  fibres;  and,  secondly, 
extenial  or  muscular  branch,  which  passes  downward  and  out- 
ard,  and  is  distributed  to  the  sterno-mastoid  and  trapezius  mus- 
The  internal  or  anastomotic  branch,  as  has  been  well  shown 
Bernard,*  is  composed  exclusively  of  the  medullary  roots  of  the 
nerve*  while  the  external  or  muscular  branch  consists  altogether 
of  the  fibres  originating  from  the  spinal  cord. 

The  spinal  accessory  is  essentially  a  motor  nerve.     It  has  been 

ind,  both  by  Bernard  and  Longet,  to  be  insensible  at  its  origin, 

te  the  anterior  roots  of  the  spinal  nerv^es;  but  if  irritated  after  its 

kit  from  the  skull,  it  gives  signs  of  sensibility*    This  sensibility  it 

juires  from  the  filaments  of  inosculation  which  it  receives  from 

le  anterior  branches  of  the  first,  second,  and  third  cervical  nerves. 

lough  its  external  branch,  accordingly,  is  exclusively  distributed 

I  muscles,  as  we  have  already  seen,  this  branch  contains  some  sensi- 

re  fibres,  which  have  the  same  destination.    The  reason  for  this 

atomical  fact,  viz.,  that  motor  nerves  are  supplied  during  their 

^urse  with  sensitive  fibres,  becomes  evident  when  we  reflect  that  the 

isles  themselves  possess  a  certain  degree  of  sensibility,  though 

Bute  than  that  which  belongs  to  the  skin.     The  sensibility  of 

"muscles  is  undoubtedly  essential  to  the  perfect  performance  of 

air  function ;  and  as  the  motor  nerves  are  incapable,  by  them- 

Ives,  of  transmitting  sensitive  impressions,  they  are  joined,  soon 
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after  their  origin,  by  other  filaments  which  communicate  to  them 
this  necessary  power. 

The  most  important  result  which  has  been  obtained  by  expcfi* 
ment  upon  the  spiDal  acces,sory  nerve,  ie  that  its  internal  or  aoa^o^ 
motic  branch  is  directly  mnnected  with  the  vocal  movcmenU  of  ihi 
ghtlis.  It  has  been  fatind  by  Bischoff^  by  Longet,  and  by  BeroftHt 
that  if  the  spinal  accessory  nerves  on  both  Bides,  or  their  branches 
of  inosculation  with  the  pneumogastric,  be  divided  or  laoeratect 
the  pneiimoga.stric  nerves  themselves  being  left  entire,  the  voice  is 
instantly  lost,  and  the  animal  becomes  incapable  of  making  a  vocal 
sound.  We  have  also  found  this  result  to  follow,  in  the  cAt>  after 
the  spinal  accessory  nerves  have  been  torn  out  by  their  roots, 
through  the  jugular  foramen.  The  animal,  after  this  operation,  caa 
no  longer  make  an  audible  sound.  At  the  same  time  the  respin- 
tory  movements  of  the  glottis  go  on  undisturbed,  and  most  of  tie 
other  animal  functions  remain  unaffected. 

The  fibres  of  communication,  therefore,  derived  from  the  ^insl 
accessory,  pass  to  the  pneumogastric  nerve  and  become  entangled 
with  its  other  filaments,  so  that  they  can  no  longer  be  traced  by 
anatomical  dissection.  They  pass  downward,  however,  and  beoodd 
a  part  of  the  motor  fibres  of  the  inferior  laryngeal  or  recurreiil 
branches  of  the  pneumogastric;  being  finally  distributed  to  the 
muscles  of  the  larynx,  which  they  supply  with  those  nervous  infia- 
ences  which  are  required  for  the  formation  of  the  voice. 

The  special  function  of  the  external  or  muscular  branch  of  th« 
spinal  accessory  is  not  so  Fully  understood.  This  brancK  as  we 
hav^  seen,  is  distributed  to  the  sterno-mastoid  and  trapezius  mus- 
cles. But  these  muscles  also  receive  filaments  from  the  cernosl 
spinal  nerve,'* ;  and,  accordingly,  they  still  retain  the  power  of  msh 
tion,  to  a  certain  degree,  after  the  external  branches  of  the 
accessory  have  been  divided  on  both  sides. 

The  spinal  accessory  is,  accordingly,  a  nerve  of  very  pecuBff 
distribution.  For  it  partly  supplies  motor  fibres  to  the  pneumo 
gastric  nerve,  and  is  partly  distributed  to  two  muscles,  both  of 
which  also  receive  motor  nerves  from  another  source.  Sir  Charles 
Bell,  noticing  the  close  connection  between  this  nerve  and  the 
pneumogastric,  regarded  the  two  as  associated  also  in  their  fum> 
tion,  as  nerves  of  respiration*  He  considered,  therefore,  the  extc^ 
branch  of  the  spinal  accessory  as  destined  to  assist  in  tbo 
iovements  of  respiration,  when  these  movements  become  unosu- 
ally  laborious,  by  bringing  into  play  the  sterno-mastoid  and  trapc 
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^us  muscles^  in  aid  of  tbe  action  of  the  intercostak.  He  tlierefore 
%\h*l  this  nerve  the  ''superior  respiratory  nerve/* 
But  the  most  satisfactory  explanation  of  this  peculiarity  is  that 
proposed  by  M.  Bernard.  According  to  this  exphmation^  whenever 
muscle,  or  set  of  muscles,  derive  their  nervous  influence  from  two 
lifferent  sources,  this  is  not  for  the  purpose  of  assisting  them  in  the 
erformance  of  the  same  function,  but  of  enabling  them  to  perform 
different  functions.  We  have  seen  this  already  exemplified  in 
le  muscles  of  the  larynx.  For  these  muscles  perform  certain 
lovements  of  respiration  for  which  they  receive  indirectly  filaments 
3m  the  facial  hypoglossal,  and  cervical  nerves.  But  they  also 
form  the  movements  necessary  to  the  formation  of  the  voice,  the 
\r6\is  stimulus  for  which  is  derived  altogether  from  the  spinal 
Dcessory. 
The  internal  branch  of  the  spinal  accessory,  accordingly,  excites, 
the  parts  to  which  it  is  distributed  a  function  which  is  incompa- 
ible  with  respiration.  For  the  movements  of  respiration  cannot 
on  while  the  voice  is  sounded;  and  a  necessary  preliminary 
the  production  of  a  vocal  sound,  is  the  temporary  stoppage  of 
aspiration.  The  movements  of  respii'ation,  therefore,  and  the 
lovements  of  the  voice  alternate  with  each  other,  but  are  never 
Inmultaneous ;  so  that  the  internal  branch  of  the  spinal  accessory  is 
mtagonistic  to  the  motor  fibres  of  the  larynx  derived  from  other 
nerv^es. 

It  is  thought  by  M.  Bernard,  that  the  fibres  of  the  external 
branch  of  the  spinal  accessory  have  also  a  function  which  is  anta- 
gonistic to  respiration.  For  respiration  is  naturally  suspended  in 
11  steady  and  prolonged  muscular  cflbrts.  In  these  efforts,  such  as 
lose  of  straining,  lifting,  and  the  like,  the  movements  of  respira- 
cease,  the  spinal  column  is  made  rigid  by  the  contraction  of 
auscles,  and  the  head  and  neck  are  placed  in  a  fixed  position, 
principally  by  the  contraction  of  the  ster no- mastoid  and  trapezius 
muscles.  The  function  of  the  spinal  accessory,  in  both  its  branches, 
ia  therefore  regarded  as  destined  to  excite  movements  which  are 
10 compatible  with  those  of  respiration ;  and  which  accordingly  com© 
ito  play  only  when  the  ordinary  movements  of  respiration  have 
pen  temporarily  suspended. 

IIypoglossal. — The  hypoglossal  nerve  originates  from  a  collec- 
lion  of  gray  matter,  in  the  medulla  oblongata,  which  is  termed  the 
^hypoglossal  nucleus,"'  and  which  is  a  cnntiimation  of  the  ante- 

1  Dr.  Juiiu  Di'uu.     Gray  JiabfL&a^e  uf  tlt(?  MeduUn,  &c.,  p.  13. 


ion 


462 


THE    CRANIAL    NERVES, 


rior  horn  of  gray  matter  of  the  spinal  cord.  Its  fibres  emerge 
from  the  lower  portion  of  the  medulla,  just  outside  the  anterior 
pyramids,  and  passing  through  the  anterior  condyloid  foramen, 
are  finally  distributed  to  the  muscles  of  the  tongue.  Irritation  of 
the  nerve  in  any  part  of  its  course  produces  convulsive  twitching 
in  this  organ.  Its  section  paralyzes  completely  the  movements  of 
the  tongue  without  affecting  directly  the  sensibility  of  its  mucous 
membrane.  This  nerve,  accordingly,  is  the  motor  nerve  of  the 
tongue.  If  irritated  at  its  origin,  the  hypoglossal  nerve,  according 
to  the  experiments  of  Longet,  is  entirely  insensible ;  but  if  the  irri- 
tation be  applied  in  the  middle  of  its  course,  signs  of  pain  are 
immediately  manifested.  Its  sensibility,  like  that  of  the  facial,  is 
consequently  derived  from  its  inosculation  with  other  sen^tiTe 
nerves,  after  its  emergence  from  the  skull. 
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CHAPTER    VI. 

THE  SPECIAL  SENSES. 

General  and  Special  Sensibility. — We  have  already  seen 
tba.t  there  exists,  in  the  general  integument,  a  power  of  sensation,  by 
which  we  are  made  acquainted  with  surrounding  objects  and  some 
of  their  most  important  physical  qualities.  By  this  power  we  feel 
the  sensations  of  heat  and  cold,  and  are  enabled  to  distinguish 
betw^een  hard  and  soft  substances,  rough  bodies  and  smooth,  solids 
acici  liquids.  This  kind  of  power  is  termed  General  Sensibility, 
l>^<^use  it  resides  in  the  general  integument,  and  because  by  its 
aid  we  obtain  information  with  regard  to  the  simplest  and  most 
D^«fc.terial  properties  of  external  objects. 

rrhe  general  sensibility,  thus  existing  in  the  integument,  is  an 
enclowment  of  the  sensitive  nerves  derived  from  the  cerebro-spinal 
system.  These  nerves  ramify  in  the  substance  of  the  skin,  and  by 
BvilDsequent  inosculation  form  a  minute  plexus  in  the  superficial 
portions  of  the  tissue  of  the  corium.  From  this  plexus,  the  ulti- 
^aate  filaments,  reduced  to  an  exceedingly  minute  size,  pass  up- 
'^''ard  into  the  conical  papillaa  with  which  the  free  surface  of  the 
<5oririm  is  covered.  In  the  papillas'the  nervous  filaments  terminate, 
sometimes  by  loops  returning  upon  themselves,  and  sometimes  ap- 
parently by  free  extremities.  The  papillae  are  also  supplied  with 
looped  capillary  bloodvessels,  and  are  capable  of  receiving  an 
abundant  vascular  injection. 

These  papillsB  appear  to  be  the  most  essential  organs  of  general 
^^'^sation,  since  the  sensibility  of  the  skin  is  most  acute  where  they 
^'^  most  abundant  and  most  highly  developed,  as,  for  example,  on 
*Qe  palm  of  the  hand  and  the  tips  of  the  fingers. 

Tlie  best  method  of  measuring  accurately  the  sensibility  of  dif- 

,5^tit  regions  is  that  adopted  by  Professors  Weber  and  Valentin. 

.   *^ey  applied  the  rounded  points  of  a  pair  of  compasses  to  the 

^^^gument  of  different  parts,  and  found  that  if  they  were  held 

^^y  near  together  they  could  no  longer  be  distinguished  as  sepa- 
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rate  points,  but  the  two  sensations  were  oonfounSed  into  one,  Tbc 
diiitimce,  however,  at  which  the  two  points  failed  to  be  didtinguLshed 
from  each  other,  was  much  shorter  for  some  parts  of  the  body 
than  for  others.  Prof.  Valentin's  measurements/  which  are  the 
most  varied  and  complete,  give  the  following  ajs  the  limits  ol'  dis- 
tinct perception  in  various  parts  :— 

pjLBis  Lnrv. 

At  ttie  tip  of  tonftne .483 

**  palm.ir  surface  of  tips  of  fingers       .         .  .723 

_                 **            '*         "         of  second  phalanges         »  l.SSS 

**            **        *•         of  flrat  phalflngus     ....  X,ti5<^ 

"  dorsum  of  tongite    -...,,.  2  3(H> 

**  dorsul  surface  of  fltigers  .        .        .        •        ♦         »  3.JV00 

"  oht^k      . .•  4-541 

«  backofliiiiid 6.9«Je 

"  akin  of  tliroat P,2!!»2 

**  dorsam  of  foot 12.525 

"  skiu  over  i^temiim  . 15.*iT5 

"  middle  of  back 24.20S 

This  method  cannot,  of  course,  give  the  absolute  measure  of  ^ 
acuten^iis  of  sensibility  in  the  different  regions,  since  the  two  pointe 
might  be  le^s  e^isily  distinguished  from  each  other  in  ans"  one  »"' 
gion,  and  yet  the  absolute  amount  of  sensation  protluced  might  W 
as  great  as  in  the  surmundiog  parts;  still  it  is  undoubteilly  a  vexr 
accurate  measure  of  the  delicacy  of  tactile  sensation,  by  which  w« 
are  enabled  to  distinguiish  slight  inequalities  in  the  surface  of  soM 
bodies.  We  find,  furthermore,  that  certain  parts  of  the  body  art 
particularly  well  adapted  to  exercise  the  function  of  general  sffk 
salion,  not  only  on  account  of  the  acute  sensibility  of  their  integu- 
ment, but  also  owing  to  their  peculiar  formation.  Thus,  in  man, 
the  hands  are  es[)edally  well  formed  in  this  respect,  owing  to  the 
articulation  and  mobility  of  the  fingers,  by  which  they  may  hi 
adapted  to  the  surface  of  solid  bodies,  and  brought  suC'"-'  ■ '^ 
in  contrtct  with  all  their  irregularities  and  depressions.  T:i 
are  therefore  more  especially  nsed  as  organs  of  touch,  and  we  art 
thns  enabled  to  obtain  by  their  aid  the  most  delicate  and  fiWH^' 
infurraation  as  to  the  texture,  consistency,  configuration,  ic-  rf 
foreign  bodies. 

But  the  hands  are  not  the  exebtsive  organs  of  touch*  even  io  the 
human  subject,  and  in  some  of  the  lower  animals,  the  saiiv^  ^'i^ruv 

•  \n  Tnf^fV<  rrclopffidia  of  Anatomy  and  Pbyaiology,  vol.  £^.,  aitfcU  oo  J^t^^ 
hy  Dr.  Caip'rfiitt'r, 
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tion  h  fully  performed  by  various  other  parts  of  the  body.  Thus 
in  the  cat  and  in  the  seal,  the  long  bristles  se^ited  upon  the  lips  are 
^^d  fur  thid  purpose,  eueh  bristle  being  connected  at  its  base  with 
^fcghly  developed  nervous  papilla :  in  some  of  the  motikeys  the 
Hkeinity  of  the  prehensile  tail,  and  in  the  elephant  the  end  of  the 
^Be,  which  is  devclupeJ  into  a  flexible  and  sensitive  proboscis,  is 
Hiployed  as  an  organ  of  touch.  This  function,  tberefbre,  may  be 
performed  by  either  one  part  of  the  body  or  another,  provided  the 
accessory  organs  be  developed  in  a  favorable  manner. 

About  the  head  and  face,  the  sensibility  of  the  skin  is  dependent 
mainly  upon  branches  of  the  fifth  pair.  In  the  neck,  trunk,  and 
extremities  it  is  due  to  the  sensitive  fibres  of  the  cervical,  dorsal, 
lumbar  spinal  nerves.  It  exists  also,  to  a  considerable  extent, 
[the  mucous  membranes  of  the  mouth  and  nose,  and  of  the  pas* 
es  leading  from  them  to  the  interior  of  the  body.  In  these 
lations,  it  depends  upon  the  sensitive  filaments  of  certain  of  the 
lial  nerves,  viz.,  the  fifth  pair,  the  glosso-pharyngeal,  and  the 
Bamogastric.  The  sensibility  of  the  mucous  membranes  is  most 
^te  in  those  parts  supplied  by  branches  of  the  fifth  pair,  viz,,  the 
junctiva,  anterior  part  of  the  nares,  insiile  of  the  lips  and  cheeks, 
the  anterior  two4hird8  of  the  tongue.  At  the  base  of  the 
ffongue  and  in  tiie  fauces,  where  the  mucous  membrane  is  supplied 
Jml  filaments  of  the  glosso- pharyngeal  nerve,  the  general  sensibility 
^Bess  perfect;  and  finally  it  diminishes  rapidly  from  the  upper 
^vt  of  the  oesophagus  and  the  glottis  toward  the  stomach  and  the 
IBmgs.  Thus,  we  can  appreciate  the  temperature  and  consistency 
^of  a  foreign  substance  very  readily  in  the  mouth  and  fauces,  but 
Hase  qualities  are  less  distinctly  perceived  in  the  cesophagus,  and 
^M  at  all  in  the  stomach,  unless  the  foreign  body  happen  to  be 
^fcessively  hot  or  cold,  or  unusually  hard  and  angular  in  shape. 
The  general  sensibility,  which  is  resident  in  the  skin  and  in  a  certain 
tion  of  the  mucous  membranes,  diminishes  in  degree  from  with- 
inward,  and  disappears  altogether  in  those  organs  which  are 
I  supplied  with  nerves  from  the  c^rebro-spinal  system, 
it  is  particularly  to  be  observed,  however,  that  while  the  general 
Bibility  of  the  skin,  and  of  the  mucous  membranes  above  men- 
aed,  varies  in  acuteness  in  diflerent  parts  of  the  body,  it  is  every- 
t€  the  same  in  kind.  The  tactile  sensations,  produced  by  the 
Itact  of  a  foreign  body,  are  of  precisely  the  same  nature  whether 
be  felt  by  the  tips  of  the  fingers,  the  dorsiU  or  palmar  surfaces 
kbe  hands,  the  lips,  cheeks^  or  any  other  part  of  the  integument, 
80 
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The  only  diflferenoe  in  the  sensibility  of  these  parts  lies  in  the  de- 
gree of  its  development. 

But  there  are  certain  other  sensations  which  are  different  in  kiad 
from  those  perceived  by  the  general  integnment,  and  which,  owingJ 
to  their  peculiar  and  special  character,  are  termed  special  fensalmrA 
Such  are,  for  example,  the  sensation  of  light,  the  sensation  of  souoijj 
the  sensation  of  savor,  and  the  sensation  of  odors.  The  epecia 
sensibility  which  enables  ns  to  feel  the  impressions  derived  (n 
these  souroes  is  not  distributed  over  the  body,  like  ordinary  Ben^^ 
bility,  but  is  localized  in  distinct  organs,  each  of  which  is  ao  <xm^ 
Btituted  as  to  receive  the  special  sensation  peculiar  to  it,  and  i 
other. 

Thus  we  have,  beside  the  general  sensibility  of  the  skin  and 
mucous  membranes,  certain  peculiar  fiiculties  or  special  »en$^i 
they  are  called,  which  enable  us  to  derive  information  from 
ternal  objects,  which  we  could  not  possibly  obtain  by  any  ot) 
means.  Thus  light,  however  intense,  produces  no  perceptible  i 
sation  when  allowed  to  fall  upon  the  skin,  but  only  when  admitted 
to  the  eye.  The  sensation  of  sound  is  perceptible  only  by  the 
ear,  and  that  of  odors  only  by  the  olfactory  membrane.  Th«c 
difterent  sensations,  therefore^  are  not  merely  exaggeratioos  of 
ordinary  sensibility,  but  are  each  distinct  and  peculiar  in  thctf 
nature,  and  are  in  relation  with  distinct  properties  of  exteml. 
objects. 

In  examining  the  organs  of  special  sense,  we  shall  find  thatj 
each  consist — First,  of  a  nerve,  endowed  with  the  special  seosit 
required  for  the  exercise  of  its  peculiar  function ;  and.  Secondly,  ( 
certain  accessory  parts,  forming  an  apparatus  more  or  less 
cated,  which  is  intended  to  assist  in  its  performance  and  read 
more  delicate  and  complete.    We  shall  take  up  the  consider 
of  the  special  senses  in  the  following  order.    Firsts  the  aeiise  rf^ 
Taste ;  second,  that  of  Smell ;  third,  that  of  Sight ;  and  foanli«  I 
of  Hearing. 


Taste. — We  begin  the  study  of  the  special  senses  with  thai  uf 
Taste,  because  this  sense  is  less  peculiar  than  any  of  the  oth^a^  i 
differs  less,  both  in  its  nature  and  its  conditions,  from  the  ardii 
sensibility  of  the  skin.    In  the  first  place,  the  organ  of  taste  iffi 
other  than  a  portion  of  the  mucous  membrane,  beset  ^nth 
and  nervous  papilloe,  similar  to  those  of  the  general  int^nn 
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Secondly^  it  gives  us  impressions  of  such  suljstances  only  as  are 
actually  in  contact  with  sensitive  surfaces,  and  can  establish  no 
communication  with  objects  at  a  distance.     Thirdly,  the  surfaces 
which  exercise  the  sense  of  taste  are  also  endowed  with  general  sen- 
sibility; and  Fourthly,  there  is  no  one  special  and  distinct  nerve 
of  taste,  but  this  property  resides  in  portions  of  two  diflferent 
nerves,  viz^  the  fifth  pair  and  the  glosso-pharyngeal ;  nerves  which 
also  supply  general  sensibility  to  the  mouth  and  surrounding  parts. 
The  sense  of  taste  is  locali^sed  in  the  tnucous  membrane  of  the 
tongue,  the  soft  palate,  «and  the  fauces.     The  tongue,  which  ia  more 
particularly  the  seat  of  this  sense,  is  a  flattened,  leaf-like,  muscular 
organ,  attached  to  the  inner  surface  of  the  symphysis  of  the  lower 
jaw  iu  front,  and  to  the  os  hyoides  behind.    It  has  a  vertical  sheet 
or  lamina  of  fibrous  tissue  in  the  median  line,  which  serves  as  a 
framework,  and  h  provided  with   an  abundance  of   longitudinal 
transverse  and  radiating  muscular  fibres,  by  which  it  can  be  elon- 
gated, retracted,  and  moved  about  in  every  direction. 

The  mucous  membrane  of  the  fauces  and  posterior  third  of  the 
tongue,  like  that  lining  the  cavity  of  the  mouth,  is  covered  with 
minute  vascular  papillae,  similar  to  those  of  the  skin,  which  are, 
however,  imbedded  and  concealed  in  the  smooth  layer  of  epithe- 
lium forming  the  surface  of  the  organ.  But  about  the  junction  of 
it«  posterior  and  middle  thirds,  there  is,  upon  the  dorsum  of  the 
tongue,  a  double  row  of  rounded  eminences,  arranged  in  a  V-shaped 
figure,  running  forward  and  outward,  on  each  side,  from  the  situa- 
tion of  the  foramen  caecum;  and,  from  this  point  forward,  the  upper 
surface  of  the  organ  is  everywhere  covered  with  an  abundance  of 
thickly-set,  highly  developed  papillae,  projecting  from  its  surface, 
^nd  readily  visible  to  the  naked  eye. 

These  lingual  papilla)  are  naturally  divided  into  three  diflferent 
^ts  or  kinds.  First,  the  Jiliform  papilhej  wliich  are  the  most  nume- 
^^tta,  and  which  cover  most  uniformly  the  upper  surface  of  the 
^^S^TL  They  are  long  and  slender,  and  are  covered  with  a  some- 
^*^tit  horny  epithelium,  usually  prolonged  at  their  free  extremity 
*QtQ  a  filamentous  tuft.  At  the  edges  of  the  tongue  these  papillre 
^'^  often  united  into  parallel  ranges  or  ridges  of  the  mucous  mem- 
*^^ii\e.  Secondly,  the  fungiform  papiUte.  These  are  thicker  and 
^^ger  than  the  others,  of  a  rounded  chib-shaped  figure,  and  covered 
T'^tJi  s<>ft^  permeable  epithelium.  They  are  most  abundant  at  the 
^P  of  the  tongue,  but  may  be  seen  elsewhere  on  the  surface  of  the 
^gan^  scattered  among  the  filiform  papillae.     Thirdly,  the  circum- 
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vallate  papilJw.  These  are  the  rounded  eminences  which  form  the  , 
V'shaped  figure  near  the  situation  of  the  foramen  esocum.  They  ^-^ 
are  eight  or  ten  in  number.  Each  one  of  them  is  surrounded  bjr^ 
a  circular  wall,  or  circumvallation,  of  mucous  membrane,  whicfcij 
gives  to  them  their  distinguighing  appellation.  The  oircumvalla, 
tion,  as  well  as  the  central  eminence^  has  a  structure  similar  to  il 
of  the  fungiform  papillae, 

Tlic  sensitive  nerv^es  of  the  tongue,  as  we  have  already  seen,  \ 
two  in  number,  viz.,  the  lingual  branch  of  the  fifth  pair,  and  tb 
lingual  portion  of  the  glosso- pharyngeal.    The  lingual  branch 
the  fifth  pair  enters  the  tongue  at  the  anterior  border  of  the  hy« 
glossua  muscle,  and  its  fibres  then  run  tli  rough  the  muscular  tissi^l 
of  the  orgaUp  from  below  upward  and  from  behind  forward,  vritli* 
out  any  ultimate  distribution,  until  they  reach  the  mucous  mei 
brane.      The  nervous  filaments  then   penetrate  into  the   lingi: 
papillae,  where  tliey  finally  terminate.     The  exact  mode  of  their  ^ 
termination  is  not  positively  known.    According  to  Kolliker,  they 
sometimes  seem  to  end  in  loops,  and  sometimes  by  free  extremttiesi 

The  lingual  portion  of  the  glosso-pharyngeal  nerve  passes  into 
the  tongue  below  the  posterior  border  of  the  hyo-glossus  rausck 
It  then  divides  into  various  branches,  which  pass  thn^ugh  the  mus- 
cular tissue,  and  are  finally  distributed  to  the  mucous  membraueof 
the  base  and  sides  of  the  organ* 

FJg.  151. 
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The  mucous  membrane  of  the  base  of  the  tongue,  of  its  edg 
and  its  under  surface  near  the  tip,  as  well  as  the  mucous  raerabrat 
of  the  mouth  and  fauces  generally,  is  also  supplied  vnth.  muoo*  - 
follicles,  which  furnish  a  viscid  secretion  by  which  the  free  surfiw 
of  the  parts  is  lubricated. 
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Finally,  the  muscles  of  the  tongue,  it  will  be  reraembered,  are 
animat^^J  exclusively  by  the  filaineots  of  the  hypoglossal  nerve. 
Tte  exaci  9eai  of  the  sense  of  taste  has  beea  determined  by 
^Hajciug  in  contact  with  different  parts  of  the  mucous  membraue  a 
^Hnall  sponge,  moistened  with  a  t^olution  of  some  sweet  or  bitter 
^^nbstanee.  The  experiments  of  VerniL^re,  Longet  and  others  have 
shown  that  the  sense  of  taste  resides  ia  the  whole  superior  surface, 
the  point  and  edges  of  the  toDgue,  the  soil  palate,  fauces,  and  part 
of  the  pharynx.  The  base,  tip^  and  edges  of  the  tongue  seem  to 
possess  the  most  acute  sensibility  to  savors,  the  middle  portion  of 
its  dorsum  less  of  this  settsibility,  and  its  inferior  surfaces  little  or 
none.  Now  as  the  whole  anterior  part  of  the  organ  is  supplied  by 
tli6  lingual  branch  of  the  fifth  pair  alone,  and  the  whole  of  ita 
posterior  portion  by  the  glosso- pharyngeal,  it  follows  that  the  sense 
of  taste,  in  these  different  parts,  is  derived  from  these  two  different 
nerves. 

Furthermore,  the  tongue  is  supplied,  at  (he  same  time  and  hj  the 
same  rifrvej,  with  general  semibilifi^  and  with  the  special  sensibility  of 
iicuk.    The  general  sensibility  of  the  anterior  portion  of  the  tongue, 
and  that  of  the  branch  of  the  fifth  pair  with  which  it  is  supplied, 
are  guflSciently  well  known.    Section  of  the  fifth  pair  destroys  the 
senaibility  of  this  part  of  the  tongue  as  well  as  that  of  the  rest  of 
the  face.    Longet  has  found  that  after  the  lingual  branch  of  this 
nerve  has  been  divided,  the  mucous  membrane  of  the  anterior  two- 
thirds  of  the  tongue  may  be  cauterized  with  a  hot  iron  or  with 
CAU5tic  potassa,  in  the  living  animal,  without  producing  any  sign  of 
pain,    Dr-  John  Reid,  on  the  other  hand,  together  with  other  experi- 
menters, has  determined  that  ordinary  sensibility  exists  in  a  marked 
^^gree  in  the  glosso-pharyngeal,  and  is  supplied  by  it  to  the  parts 
^  %^hich  this  nerve  is  distributed. 
^m  Accordingly  we  must  distinguish,  in  the  impressions  produced 
^■^  foreign  substances  taken  into  the  mouth,  between  the  special 
^^^pre$siom  derived  from  their  sapid  qualitiea,  and  the  general  sensa* 
^^bSj^jpr^ydmed  by  tfteir  ordiimry  physical  properties.    As  the  tongue  is 
WiRedingly  sensitive  to  ordinary  impressions,  and  as  the  same  body 
^  often  capable  of  exciting  both  the  tactile  and  gustatory  functions, 
^-^^se  two  properties  are  sometimes  liable  to  be  confounded  with 
^^cb  other   by  careless  observation.     The  truly  sapid   qualities, 
*^Owever,  the  only  ones,  properly  speaking,  which  we  perceive  by 
^*ie  sense  of  taste,  are  such  savors  as  wo  designate  by  the  term 
I,  bitter,  salt,  sour,  alkaline,  and  the  like.     But  there  are  many 
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Other  properties,  belonging  to  various  articles  of  food,  wtucb  bekmg 
really  to  the  class  of  ordinary  physical  qualities  and  are  uppre* 
oiated  by  the  ordinary  sensibility  of  the  tongue,  though  w^  usoailj 
speak  of  them  as  being  perceived  by  the  taste.     Thus  u  «lafdl|, 
visddf  watery,  or  aleaginoits  taste  is  merely  a  certain  variety  of  con* 
sistency  in  the  substance  tasted,  which  may  exist  either  alone  or  m 
connection  with  real  savors,  but  which  is  exclosivcly  perceived  by 
means  of  the  general  sensibility.     So  also  with  a  pungent  or  hwmmi^ 
taste,  such  as  that  of  red  pepper  or  any  other  irritating  powder. 
The  quality  of  piquancy  in  the  preparation  of  Artificial  kinds  of 
food  is  always  communicated  to  them  by  the  addition  of  sotDO  fiodi 
irritating  substance.     The  shjjjtic  taste  seems  to  be  a  combinatioiiof 
an  ordinary  irritant  or  astringent  effect  with  a  peculiar  taste,  vhidi 
we  always  associate  with   the   former  quality  in  astringent  aiib 
stances. 

There  is  also  sometimes  a  liability  to  confound  the  real  %»^  d 
certain  substances  with  their  odorous  properties  or  Jlavort.  Ttos 
in  most  aromatic  articles  of  food,  such  as  tea  and  coffee^  and  IB 
various  kinds  of  wine^  a  great  part  of  what  we  call  the  taste  ii  it 
reality  due  to  the  aroma,  or  smell  which  reaches  the  Dares  dttfing 
the  act  of  swallowing.  Even  in  many  solid  kinds  of  food^  audi  m 
freshly  cooked  meats,  the  odor  produces  a  y^vj  imporlanl  part  of 
their  effect  on  the  senses.  We  can  easily  convince  ourselves  of  Uiii 
by  holding  the  nose  while  s^vallowing  such  substances^  or  by  reool* 
Icetiog  how  much  a  common  catarrh  interferes  with  our  percqslka 
of  their  tasta 

The  most  important  conditions  of  the  sense  of  taste  are  tbe  fA 
lowing  :— 

In  the  first  place,  the  sapid  substance,  in  order  that  its  taste  \ 
be  perceived,  must  be  brought  in  contact  with  the  mueoos . 
brane  of  the  mouth  in  a  state  of  solutkm.     So  long  as  il 
solid,  however  marked  a  savor  it  may  possess,  it  gives  ik> 
impression  than  that  of  any  foreign  body  in  contact  with  the  tc^ 
tive  surfaces.    But  if  it  be  applied  in  a  liquid  form,  it  is  then  i 
over  the  surface  of  the  mucous- membrane,  and  its  taste  is  : 
diately  perceived.     Thus  it  is  only  the  liquid  and  solublo  poirti0 
of  our  food  which  are  tasted,  such  as  the  animal  and  vcgvtiiJi 
juices  and  the  soluble  salts.     Saline  substances  which  are  iodolslp 
such  as  calomel  or  carbonate  of  lead,  when  applied  to  the  too^foa^^ 
produce  no  gustatory  sensation  whatever. 

The  mechanism  of  the  sense  of  taste  is^  therefore^  in  all  probo^l 
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ililjt  a  direct  and  simple  one.  The  sapid  substancses  in  solution 
enetrate  the  lingual  papillas  by  endosmosia,  and,  coming  in  actual 
dntact  with  the  terminal  nervous  filaments,  excite  their  sensibility 
uniting  with  their  substance.  We  have  already  seen  that  the 
npidity  with  which  endosmosis  will  take  place  under  certain  con- 
itions  is  sufficiently  great  to  account  for  the  almost  instantaneous 
erception  of  the  taste  of  sapid  subBtances  when  introduced  into  the 
mouth. 

It  is  on  this  account  that  a  free  secretion  of  the  salivary  fluids  is 
essential  to  the  full  performance  of  the  gustatory  function.  If 
be  mouth  be  dry  and  parched,  our  food  seems  to  have  lost  its  taste ; 
but  when  the  saliva  is  freely  secreted,  it  is  readily  mixed  with  the 
in  mastication,  and  assists  in  the  solution  of  its  sapid  ingredi- 
itB;  and  the  fluids  of  the  mouth,  thus  impregnated  with  the  savory 
abstances,  are  absorbed  by  the  mucous  membrane,  and  excite  the 
statory  nerves.  An  important  part,  also,  is  taken  in  this  process 
by  the  movements  of  the  tongue ;  for  by  these  movements  the  food 
carried  from  one  part  of  the  mouth  to  another,  pressed  against 
ae  hard  palate,  the  gums,  aod  the  cheeks,  its  solution  assisted,  and 
be  penetration  of  the  fluids  into  the  substance  of  the  papillie  more 
apidly  accomplished-  If  a  little  powdered  sugar,  or  some  vege- 
ftble  extract  be  simply  placed  upon  the  dorsum  of  the  tongue,  but 
ittle  effect  is  produced ;  but  as  soon  as  it  is  pressed  by  the  tongue 
linst  the  roof  of  the  mouth,  as  naturally  happens  in  eating  or 
Irinking,  its  taste  is  immediately  perceived.  This  eflbct  is  easily 
Sxplaiued;  since  we  know  how  readily  movement  over  a  free  sur- 
oombined  with  alight  friction,  will  facilitate  the  irabibition  of 
Iquid  substances.  The  nervous  papillse  of  the  tongue  may  there- 
^re  be  regarded  as  the  essential  organs  of  the  sense  of  taste,  and 
ae  lingual  muscles  as  its  accessory  organs. 

The  full  effect  of  sapid  sukitancts  is  not  obtained  until  they  are  adu- 
\lltf  swallowed.  During  the  preliminary  process  of  mastication  a 
ifficient  degree  of  impression  is  proiluced  to  enable  us  to  perceive 
ae  presence  of  any  disagreeable  or  injurious  ingredient  in  the  food, 
ad  to  get  rid  of  it,  if  we  desire.  But  it  is  only  when  the  food  is 
nrried  backward  into  the  fauces  and  pharynx,  and  is  compressed 
ky  the  constrictor  muscles  of  these  parts,  that  we  obtain  a  complete 
erception  of  its  sapid  qualities.  For  at  that  time  the  food  is  spread 
It  by  the  compression  of  the  muscles,  and  brought  at  once  in 
intact  with  the  entire  extent  of  the  mucous  membrane  possessing 
istative  sensibility.    Then^  it  is  no  longer  under  the  control  of  the 
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will,  and  is  carried  by  the  reflex  actions  of  the  pharynx  and  oew- 
phagus  downward  to  the  stomach. 

The  impressions  of  taste  made  upon  the  tongue  reniain  /amtfr- 
iain  time  afterward.     When  a  very  sweet  or  very  Ijitter  substaso^ 
is  taken  into  the  mouth,  we  retain  the  taste  of  its  shptd  qaalides 
for  several  seconds  after  it  has  been  ejected  or  swallowed*    Cooa^| 
quentlvi  if  several  difl:ei*ent  savors  be  pre^nted  to  the  toi^;iio 
rapid  succession,  we  soon  become  unable  to  distinguish  tbi 
they  produce  only  a  confused  impression,  made  up  of  tbe  unioio 
various  dififerent  sensations ;  for  the  taste  of  the  first,  remaining  in 
the  mouth,  is  mingled  with  that  of  the  second,  tbe  taste  of  tbess 
two  with  that  of  the  third,  and  so  on,  until  so  many  savors  becoma 
confounded  together  that  we  are  no  longer  able  to  recognize  either 
of  them.     Thus  it  is  notoriously  impossible  to  recpgoize  two  <!P 
three  different  kinds  of  wine  with  the  eyes  closed,  if  they  he  repetV 
edly  tasted  in  quick  succession. 

If  the  substance  first  tasted  have  a  particularly  marked  sator, 
its  taste  will  preponderate  over  that  of  the  others,  and  perhaps  pre- 
vent our  recognizing  them  at  all.  Tliis  effect  is  still  more  readily 
produced  by  substances  which  excite  the  general  sensibility  of  tli* 
tongue,  such  as  acrid  or  stimulating  powders.  In  the  same  mmioef' 
as  a  painful  sensation,  excited  in  the  skin,  prevents  the  nerve«s  ^<^ 
the  time,  from  perceiving  delicate  tactile  impressions,  so  any  pun^WJt 
or  irritating  substance,  which  excites  unduly  the  general  sensibility 
of  the  tongue,  blunts  for  a  time  its  special  sensibility  of  taste.  Thw 
effect  is  praluced,  however,  in  the  greatest  degree,  by  substance* 
which  are  at  the  same  lime  sapid,  pungent  and  aromatic,  likeswoet' 
meats  flavored  with  peppermint.  Advantage  is  sometimes  takcti 
of  this  in  the  adminii^tration  of  disagreeable  medicines.  By  finl 
taking  into  the  mouth  some  highly  flavored  and  pungent  suhstaxicct 
nauseous  drugs  may  be  swallowed  immediately  afterward  with  bfll 
little  perception  of  their  disagreeable  qualities, 

A  very  singular  fact,  in  connection  \sith  the  sense  of  taste,  is 
it  18  someiivies  affected  in  a  marked  decree  by  paralysis  tkf  the/aeiai 
nerve.  No  less  than  six  cases  of  this  kind,  occurring  in  the  huxoaB 
subject^  have  been  collected  by  M,  Bernard,  and  we  have  also  wH 
with  a  similar  instance  in  which  the  peculiar  phenomena  were 
marked.  M.  Bernard  has  furthermore  seen  a  similar  effect  upc© 
the  taste  produced  in  animals  by  division  of  the  &cial  nerve  witki^ 
the  cranium.  The  result  of  these  experiments  and  observatioci*  is 
as  follows :  When  the  facial  nerve  is  divided  or  seriously  iojtireJ 
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organic  disease,  before  its  emergence  from  the  stjlo-mastoid 
Iramen,  not  only  is  there  a  paralysis  of  the  superficial  muscles  of 
the  face,  but  the  sense  of  taste  is  diniinished  on  the  corresponding 

»e  of  the  tongue.    If  the  tongue  be  protruded,  and  salt,  citric  acid 
sulpliate  of  quinine  be  placed  upon  its  surface  on  the  two  sides 
of  the  median  line,  the  taste  of  these  substances  is  perceived  on  the 
Hooted  side  more  slowly  and  obscurely  than  on  the  other.    It  is 
^Bt,  therefore,  a  destruction,  but  only  a  diminution  of  the  sense  of 
^Bste,  which  follows  paralysis  of  the  facial  in  tbese  instances.    At 
the  same  time  the  general  tactile  sensibiUty  of  the  tongue  is  nnal- 
^tored,  retaining  its  natural  acuteness  on  both  sides  of  the  tongue. 
^  The  exact  mechanism  of  this  peculiar  influence  of  the  facial  nerve 
upon  the  sense  of  taste  is  not  perfectly  understood.     It  may  be 
considered   as   certain,  howeverp  that   it  is  derived   through   the 
medium  of  that  branch  of  the  facial  nerve  known  as  the  chorda 
tympani.     This  filament   leaves   the  facial   at  the  inturaescentia 
gangliformis,  in  the  interior  of  the  aqueduct  of  Fallopius^  enters  the 

Ivity  of  the  tympanum,  passes  across  the  membrane  of  the  tyra- 
jkMm,  and  then,  emerging  from  the  cranium,  runs  downward  and 
rward  and  joins  the  lingual  branch  of  the  fifth  pair.  It  then  ac- 
i  45ompauies  this  nerve  as  far  as  the  posterior  extremity  of  the  sub- 
ixiUary  ghind.  Ilero  it  divides  into  two  portions ;  one  of  which 
to  the  submaxillary  ganglion,  and,  through  it,  to  the  sub- 
ice  of  the  submaxillary  gland,  while  the  other  continues  onward, 
11  in  connection  with  the  liogual  branch  of  the  fifth  pair,  and,  in 
ipany  with  the  filaments  of  this  nerve,  is  distributed  to  the  tongue. 
[The  chorda  tympani  thus  forma  the  only  anatomical  connection 
tween  the  facial  nerve  and  the  anterior  part  of  the  tongue.  When 
the  facial,  accordingly,  is  divided  or  injured  after  its  emergence 
from  the  stylo-mastoid  foramen,  no  eftect  is  produced  upon  the 
mrkse  of  taste;  but  when  it  is  injured  during  its  course  through  the 
aqueduct  of  Fallopius,  and  before  it  has  given  oiT  the  chorda  tyra- 
this  nerve  suffers  at  the  same  time,  and  the  sense  of  taste  is 
ainished  in  activity,  as  above  described.  It  is  probable  that  this 
bet  is  produced  in  an  indirect  way,  by  a  diminution  in  the  activity 
secretion  in  the  lingual  follicles,  or  by  some  alteration  in  the 
:ularity  of  the  parts. 


fSMELL. — The  main  peculiarity  of  the  sense  of  smell  consists  in 
"  ttB  fact  that  it  gives  us  intelligence  of  the  physical  character  of 
liodies  in  a  gaseous  or  vajporous  condition.     Thus  ^vo  arc  enabled  to 


474 


THE   SPECIAL    SENSES, 


perceive  the  existence  of  an  odorous  substance  at  a  distance,  fl&d 
when  it  is  altogether  concealed  from  sight    The  minute  quantitj 
of  volatile  material  emanating  from  it^  and  thus   pervading  the  j 
atmosphere,  comes  in  contact  with  the  mucous  membnuie  of  the 
nose,  and  produces  a  peculiar  and  special  sensation. 

The  apparatus  of  this  sense  consists^  first,  of  the  olfactory  mem- 
brane, supplied  by  the  filaments  of  the  olfactory  nerve,  as  \u 
special  organ ;  and  secondly,  of  the  nasid  passages,  with  the  tur- 
binated  bones  and  the  muscles  of  the  anterior  and  posterior  nares, 
as  its  aooessory  organs.  At  the  upper  part  of  the  nasal  foBsa^ 
the  mucous  membrane  is  very  thick,  soft,  spongy  and  vaseukr, 
and  is  supplied  with  mucous  follicles  which  exude  a  secretion,  bj 
which  its  surface  is  protected  and  kept  in  a  moist  and  sensitive 
condition. 

It  is  only  this  portion  of  the  mucous  membrane  of  the  HJir^ 
which  is  supplied  by  filaments  of  the  olfactory  nerve,  and  whicli  i 
capable  of  receiving  the  impressions  of  smell ;  it  is  therefore  calWl 
the  Olfadory  membrane.  Elsewhere,  the  nasal  passages  are  linai 
with  a  mucous  membrane  which  is  less  vascular  and  sponge*  in 
structure^  and  which  is  called  the  Schmidfrian  membrane. 

The   filaments  derived   from  the  olfactory  ganglia^  and  viikiiJ 
penetrate  through  the  cribri- 

ibrra    plate  of  the  ethmoid  ^^^'  ^^ 

bone,  are  distributed  to  the 
mucous  membrane  of  the  su* 
perior  and  middle  turbinated 
bones,  and  to  that  of  the  upper 
part  of  the  septum  nasi.  The 
exact  mode  in  which  these 
filaments  terminate  in  the  ol- 
factory membrane  has  not 
been  definitely  ascertained* 
They  are  of  a  soft  consistency 
and  gray  color,  and,  after  di- 
viding and  ramifying  freely 
in  the  membrane,  appear  to 
become  lost  in  its  substance. 
It  is  these  nerves  which  exer- 
cise the  special  function  of 
smelL  They  are,  to  all  appearance,  incapable  of  receiving  ordintrr  | 
impressions,  and  must  be   regarded  as  entirely  peculiar  m  tf-»l' 
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nature  and  en Jowmenta.  The  nasal  passages,  however,  are  eapplied 
with  other  nerves  beside  the  olfactory.  The  nasal  branch  of  the 
ophthalniio  division  of  the  fifth  pair,  after  entering  the  anterior  part 
of  the  cavity  of  the  nares^  just  in  advance  of  the  cribriform  plate  of 
the  ethmoid  bone,  is  distributed  to  the  mucous  membrane  of  the  in- 
ferior turbinated  bone  and  the  inferior  meatus.  Thus  the  organ 
of  smell  is  provided  with  sensitive  nerves  from  two  difierent  sources, 
Tiz.,  at  its  upper  part,  with  the  olfactory  nerves  proper,  derived 
from  the  olfactory  ganglion  (Fig.  155,  i\  which  are  nerves  of  special 
sensation ;  and  secondly,  at  its  lower  part,  with  the  nasal  branch  of 
the  fifth  pair  (3),  a  nerve  of  general  sensation.  Beside  which,  the 
spheno-palattne  ganglion  of  the  great  sympathetic  (»)  sends  fila- 
ments to  the  mucous  membrane  of  the  whole  posterior  part  of  tho 
aasal  passages,  and  to  the  levator  palati  and  azygos  uvulfe  muscles. 
'Finally,  the  muscles  of  the  anterior  nares  are  supplied  by  filaments 
of  the  facial  nerve. 

The  conditions  of  the  sense  of  smell  are  much  more  special  in 

leir  nature  than  those  of  taste.     For,  in  the  first  place,  this  sense  is 

Bxcited,  not  by  actual  contact  with  the  foreign  body,  but  only  with 

its  vaporous  emanations;    and  the  €|uantity  of  these  emanations, 

iflBcient  to  excite  the  smell,  is  often  so  minute  as  to  be  altogether 

Inappreciable  by  other  means.     We  cannot  measure  the  loss  of 

reight  in  an  odorous  body,  though  it  may  affect  the  atmosphere 

bf  aa  entire  house,  and  the  senses  of  all  its  inhabitants,  for  days 

weeks  together.    Secondly,  in  the  olfactory  organ,  the  special 

ibility  of  smell  and  the  general  sensibility  of  the  raucous  mem- 

brane  are  separated  from  each  other  and  provided  for  by  different 

lerves,  not  mingled  together  and  eicercised  by  the  same  nerves>  as 

ihe  case  in  the  tongue. 

In  order  to  produce  an  olfactory  impression,  the  emanations  of 

lie  odorous  body  must  be  dra^wn  frevhj  through  the  nasal  passages, 

cje  sense  of  smell,  also,  is  situated  only  in  the  upper  part  of  these 

Sigas  whenever  an  unusually  faint  or  delicate  o^lor  is  to  be  per- 

ived,  the  air  is  forcibly  directed  upward,  toward   the  superior 

rbinated  bones,  by  a  peculiar  inspiratory  movement  of  the  nos- 

Ifils.     This  movement  is  very  marked  in  many  of  the  lower  animals. 

As  the  odoriferous  vapors  arrive  in  the  upper  part  of  the  nasal 

iiassages,  they  are  nndoubtedly  dissolved  in  the  secretions  of  the 
Ifactory  membrane,  and  thus  brought  into  relation  with  its  nerves. 
nflammatory  disorders,  therefore,  interfere  with  the  sense  of  smell, 
lOth  by  checking  or  altering  the  secretions  of  the  pan,  and  bv 
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prodocing   an   unnatural   tumefaction  of  the  rouooos  membrane, 
which  prevents  the  free  passage  of  the  air  through  the  nasal  fossa. 

Aa  in  the  case  of  the  tongue,  also,  we  must  distinguish  her« 
between  the  perception  of  irtw  odors^  and  the  excitement  of  the 
general  sensibility  of  the  Schneiderian  mucous  membrane  br  ifri* 
iaitng  substances.  Some  of  the  true  odors  are  similar  in  their  nattiTt 
to  impressions  perceived  by  the  sense  of  taste.  Thus  we  liave 
sweet  and  sour  smells,  though  none  corresponding  to  the  alkalii)e 
or  the  bitter  tastes.  Most  of  the  odors,  however,  arc  of  a  very 
peculiar  nature  and  are  difficult  to  describe;  but  they  are  always 
distinct  from  the  simply  irritating  properties  which  may  belong  to 
vapors  as  well  as  to  liquids.  Thus,  pure  alcohol  has  little  or  no 
odor,  and  is  only  irritating  to  the  mucous  membrane ;  while  the 
odor  of  wines,  of  cologne  water,  &c.,  is  communicated  to  them  by 
the  presence  of  other  ingredients  of  a  vegetable  origin,  lu  the 
same  way,  pure  acetic  acid  is  simply  irritating;  while  vinegar  has 
a  peculiar  odor  in  addition^  derived  from  its  vegetable  impurities. 
Ammonia^  also,  is  an  irritating  vapor,  but  contains  in  itself  no 
odoriferous  principle. 

The  sensations  of  smell,  like  those  of  taste,  remain  for  a  artain  Um 
after  they  have  been  produced,  and  modify  in  this  way  other  less 
strongly  marked  odors  which  are  presented  afterward.  As  i 
general  thing,  the  longer  we  are  exposed  to  a  particular  odor,  the 
longer  its  effect  upon  our  senses  continues;  and  in  some  ca^esit 
may  be  perceived  many  hours  after  the  odoriferous  substance  hai 
been  removed,  Odors^  however,  are  particularly  apt  to  remaia 
after  the  removal  or  destruction  of  the  source  from  which  ibey 
were  derived,  owing  to  their  vaporous  character,  and  the  facility 
with  which  they  are  entangled  and  retained  by  porous  substances^ 
such  aa  plastered  walls,  woollen  carpets,  and  hangings,  arid  woolUo 
clothes.  It  is  supposed  to  be  in  this  way  that  the  odor  of  a  po* 
mortem  examination  will  sometimes  remain  so  as  to  be  perceptible 
for  several  hours  or  even  an  entire  day  afterward.  But  this  alone 
does  not  fully  explain  the  fact.  For  if  it  depended  simply  on  the 
retention  of  the  odor  by  porous  substances,  it  would  afterward  he 
perceived  constantly,  until  it  gradually  and  continuously  wore  off: 
while  in  point  of  fact,  the  physician  who  has  made  an  autopy  of 
this  kind  does  not  afterward  perceive  its  odor  constantly,  bat  oiily 
occasiomdhf,  and  by  sudden  and  temporary  fits. 

The  explanation  is  probably  this.  As  the  odor  remains  cxm- 
stantly  by  us,  we  soon  become  insensible  to  its  presence,  as  in  thi 
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of  all  other  continuous  and  unvarying  impressions.  Our  at- 
entioQ  is  only  called  to  it  when  we  meet  suddenly  with  another 
and  familiar  odor.  This  second  odor,  we  find,  does  not  produce  its 
usual  impre^ion,  beeua^ie  it  is  mingled  with  and  modified  by  the 
other,  which  is  more  persistent  and  powerful.  Thus  we  are  again 
made  aware  of  the  former  one,  to  which  we  had  become  insensible 
by  reason  of  its  constant  presence. 

The  sense  of  smell  is  comparatively  feeble  in  the  human  species^ 
but  is  excessively  acute  in  some  of  the  lower  animals.  Thus,  the 
dog  will  not  only  dintinguish  different  kinds  of  game  in  the  forest 
by  this  sense,  and  follow  them  by  their  tracks,  but  wUl  readily  dis- 
Unguish  particular  individuals  by  their  oilor,  and  w*ill  recognize 

rticles  of  dress  belonging  to  them  by  the  minute  quantity  of  odor- 

^roua  vapors  adhering  to  their  substance. 


Sight, — The  sight  undoubtedly  occupies  the  first  rank  in  the 
ist  of  special  nervous  endowments.     It  is  the  most  peculiar  in  its 
2ration,  and  the  most  immaterial  in  its  nature,  of  all  the  senses, 
ad  it  is  through  it  that  we  receive  the  most  varied  and  valuable 
impressions.     The  physical  agent,  also,  to  which  the  organ  of  sight 
is  adaptedp  and  by  which  its  sensibility  is  excited,  is  more  subtle 
and  peculiar  than  any  of  those  which  act  upon  our  other  scoses. 
For  the  senses  of  touch,  taste,  and  smell  require,  for  their  exercise, 
the  actual  contact  of  a  foreign  boily,  either  in  a  solid,  liq[uid,  or 
eriform  condition ;  and  even  the  hearing  depends  upon  the  me- 
aanical  vibrations  of  the  atmosphere,  or  some  other  sonorous 
medium.    But  the  eye  does  not  need  to  be  in  contact  with  the 
luminous  body.     It  will  receive  the  impressions  of  light  with  per- 
fect distinctness,  even  when  they  are  transmitted  from  an  immea- 
irable  distance,  as  in  the  case  of  the  fixed  stars ;  and  the  light 
elf  is  not  only  immaterial  in  its  nature,  so  far  as  we  can  ascertain. 
iut  is  also  capable  of  being  transmitted  through  space  without  the 
intervention  of  any  material  conducting  medium,  yet  discoverable. 
Finally,  the  apparatus  of  vision  is  more  complicated  in  its  struc- 
ture than  that  of  any  other  of  the  special  senses.     This  apparatus 
onsists,  first,  of  the  retina,  as  a  special  sensitive  nervous  membrane ; 
secondly,  of  the  vitreous  body,  crystalline  lens,  choroid,  scle- 
c,  iris  and  cornea,  together  with  the  muscles  moving  the  eye- 
lall  and  eyelids,  lachrymal  gland*  &c.,  as  accessory  organs.     The 
Qgement  of  the  parts,  constituting  the  globe  of  the  eye,  is  shown 
the  following  figure,  (Fig.  156.) 
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The  filaments  of  the  optic  nerve,  after  ninmng  forward  udpn^ 
tratiug  the  posterior  part  of  the  eyeball  spread  out  into  the  w&» 
stance  of  the  retina  (j),  thus  forming  a  delicate  and  vascular  ncnr- 


ff- 


Tf*rti(%ISe>rUoiiAr  tHe  Striiall.'-I.  6clerutlo,    2    ChoroH.    3.  lletluL    4   L«n«.    A.  HfttM 
mf'iubraue     6,  Gorueti.     7.  IrU.     S.  ClUfti-J  moicle  «Dd  proe«tie(k 

ous  expansion,  in  the  form  of  a  spheroidal  bag  or  sac,  with  a  wid« 
opening  in  front,  where  the  retina  terminates  at  the  posterior  mar- 
gin of  the  ciliary  body.  This  expansion  of  the  retina  is  the  esaea* 
tial  nenroos  apparatus  of  the  eye.  It  is  endowed  with  the  $peciil 
sensibility  which  readers  it  capable  of  receiving  luminous  improi- 
sions;  and,  so  far  as  we  have  been  able  to  ascertain,  it  is  incapable  rf 
perceiving  any  other.  On  the  outride,  the  retina  is  covered  by  the 
dmroid  coat  (a),  a  vascular  membrane,  which  is  rendered  opaque  by 
the  presence  of  an  abundant  layer  of  blackish-brown  pigment-eell^ 
and  which  thus  absorbs  the  light  which  has  once  passed  through 
the  retina,  and  prevents  its  lieing  reflected  in  such  a  way  as  to 
confuse  and  dazzle  the  sight.  Inside  the  retina  is  the  vitreaus  hx%, 
a  transparent  spheroidal  mass  of  a  gelatinous  consistency,  which  is 
surrounded  and  retained  in  position  by  a  thin,  structureless  metn* 
brane,  called  the  hyaloid  membrance  («),  lying  immediately  io 
contact  with  the  internal  surface  of  the  retina.  The  lens  (1)11 
placed  in  front  of  the  vitreous  body,  in  the  central  axis  of  the  ey^ 
ball,  enveloped  in  its  capsule,  which  is  continuous  with  the  hyalaid 
membrane.  Just  at  the  edge  of  the  lens»  the  hyaloid  membrsao 
divides  into  two  lamina\  which  separate  from  each  other,  leaving 
between  them  a  triangular  canal,  the  canal  of  Pelit,  which  caa  he 
seen  in  the  above  figure.    In  front  of  the  lens  is  the  irU  (1)^4  netftf 
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rerdcal  muscular  curtain,  formed  of  mdiatiug  and  concentric  fibres, 
[pierced  at  its  centre  with  a  circular  opening,  the  pupil,  through 
rfaich  the  light  is  admitted,  and  covered  on  its  posterior  surface 
rith  a  continuation  of  the  choroidal  pigment,  which  excludes  the 
age  of  any  other  rays  than  those  which  pass  through  the  pupil, 
U  the  same  time,  the  whole  globe  is  inclosed  and  protected  by  a 
lick,  fibrous,  laminated  tunic,  which  in  its  posterior  and  middle 
artions  is  opaque,  forming  the  sclerotic  (i),  and  in  its  anterior  por- 
lion  is  transparent,  forming  the  cornea  (e)*    The  muscles  of  the  eye- 
ball are  attached  to  the  external  surface  of  the  sclerotic  in  such  a 
ay  that  the  corneal  may  be  readily  turned  in  various  directions ; 
rhile  the  eyelids,  which  may  be  opened  and  closed  at  w^ill,  protect 
lie  eye  from  injury,  and,  with  the  aid  of  the  lachrymal  secretion, 
Bp  its  anterior  surfaces  moist,  and  preserve  the  transparency  of 
le  cornea. 

The  organ  of  vision  is  supplied  with  nerves  of  ordinary  scnsi- 
ility  by  the  ophthalmic  branch  of  the  fitlh  pair.     The  filaments 
this  nerve  which  terminate  about  the  eye  are  distributed  mostly 
the  conjunctiva,  lachrymal  gland,  and  skin  of  the  eyelids;  while 
very  few  of  them  run  forward  in  company  with  the  cilmry  nerves 
broper,  and  are  distributed  to  the  ciliary  circle  and  iris.    All  these 
therefore,  but  more  particularly  the  conjunctiva  and  skin  of 
tie  eyelids,  possess  ordinary  sensibility,  which  api^ars  to  be  totally 
jting  in  the  deeper  parts  of  the  eye.    The  ophthalmic  ganglion 
lirea  off  the  ciliary  nerves,  w^hich  are  distributed  to  the  iris  and 
liary  muscle*     Finally,  the  muscles  moving  the  eyeball  and  eye- 
|ds  are  supplied  with  motor  nerves  from  the  third,  fourth,  sixth 
ad  seventh  pairs. 

Of  all  the  properties  and  functions  belonging  to  the  different 
tructures  of  the  eyeball,  the  most  peculiar  and  characteristic  is  the 
cial  sensibility  of  the  retina.  This  sensibility  is  such  that  the 
Retina  appreciates  both  the  inteosity  and  the  quality  of  the  light — 
that  is  to  say,  its  color  and  the  different  shades  which  this  color 
lay  present.  On  account  of  the  form,  also,  in  which  the  retina  is 
:)n9tructed,  viz.,  that  of  a  spheroidal  membranous  bag,  with  an 
2ning  in  front,  it  becomes  capable  of  appreciating  the  direction 
>m  which  the  rays  of  light  have  come,  and,  of  course,  the  situation 
of  the  luminous  body  and  of  its  different  parts.  For  the  rays  which 
enter  through  the  pupil  from  below  can  reach  the  retina  only  at  its 
upper  part,  while  those  which  come  in  from  above,  can  reach  it 
only  at  its  lower  part;  so  that  in  both  instances  the  rays  strike  the 
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sensitivo  surface  perpendicularly^  and  thus  convey  the  impresaon 
of  their  direction  from  above  or  below. 

But  beside  the  sensibility  of  the  retina,  the  perfection  and  vftlii^ 
of  the  sense  of  sight  depend  Yery  much  on  the  arrangement  ot^lhe 
accessory  organs,  the  roost  important  of  which  is  the  crystalline  teni 

The  fumtion  of  ike  crystalUiK  l^is  is  to  produce  dUtlnci  jtoxe^im  I 
of  form  and  outUnt,     For  if  the  eye  consisted  merely  of  a  aenautiye 
retina,  covered  with  transparent  integument,  though  the  impressions  I 
of  light  would  be  received  by  such  a  retina  they  could  not  gir© 
any  idea  of  the  form  of  particular  objects,  but  could  only  produce 
the  sensation  of  a  confused  luminosity.    This  condition  is  illu 
trated  in  Fig,  157,  where  the  arrow,  a,  6,  represents  the  Inmiso 
objecti  and  the  vertical  dotted  line,  at  the  right  of  the  diagr&n 
represents  the  retina.     Rays,  of  course,  will  diverge  from  cvefyl 
point  of  the  object  in  every  direction,  and  will  thus  reach  every] 
part  of  the  retina.    The  difterent  parts  of  the  retina,  con^cquc 
1,  2,  3,  4,  will  each  receive  rays  coming  both  from  the  point  i 
arrow,  a,  and  from  its  butt,  ft.     There  will  therefore  be  no  dii 
tion,  upon  the  retina,  between  the  different  parts  of  the  objocly  I 


Fig,  157, 


Fig.  158. 


definite  perception  of  its  outline.  But  if,  between  the  object  aiid  tin 
retina,  there  be  inserted  a  double  convex  refracting  lena,  m-ilh  tki| 
proper  curvatures  and  density,  as  in  Fig.  lo8,  the  eflect  will  be  dif- 
ferent.   For  then  all  the  rays  emanating  from  a  will  be  conoentiited  I 
at  X,  and  all  those  emanating  from  6  will  bo  conccntmted  ai  f  j 
Thus  the  retina  will  receive  the  impression  of  the  point  of  ike 
arrow  separata  from  that  of  the  butt :  and  all  parts  of  the  objoe^  i 
in  like  manner,  w^ill  be  distinctly  and  accurately  perceived. 

This  convergence  of  the  rays  of  light  is  accomplished  to  t  otrtm  | 
extent  by  the  other  transparent  and  refracting  parts  of  the  ereh^Jl: 
but  the  lens  is  the  most  imporUmt  of  all  in  this  respecty  owfaif  to  I 
its  superior  density  and  the  double  convexity  of  its  fignre.    Tta 
distinctness  of  vision,  therefore,  depends  upon  the  action  of  tto! 


SIGHT. 

in  converging  all  the  nvjs  of  light,  emanating  from  a  given 
>int,  to  an  accurate  focus^  at  the  surface  of  the  retina.  To  accom- 
lish  this,  the  density  of  the  lens,  the  curvature  of  its  surfaces,  and 

its  distance  from  the  retina,  must  all  be  accurately  adapted  to  each 
iher.  For  if  the  lens  were  too  convex^  and  its  refractive  power 
tc^sive^  or  its  distance  from  the  retina  too  great,  the  rays  wt>uld 

converge  to  a  focus  too  soon,  and  would  not  reach  the  retina  until 
Wr  they  had  crossed  each  other  and  become  partial h'  dispersed, 
1  in  Fig.  159,  The  visual  impression,  therefore,  coming  from  any 
irticular  point  in  the  object,  would  not  be  concentrated  and  dis* 
nct»  but  diffused  and  dim,  from  being  dispersed  more  or  less  over 
be  retina,  and  interfering  with  the  impressions  coming  from  other 
urts-    On  the  other  hand,  if  the  lens  were  either  too  flat^  or  phiced 


Fig.  159. 


Fig.  16D. 


too  near  the  retina,  as  in  Fig.  160,  the  rays  would  fail  to  come 
together  at  all,  and  would  strike  the  retina  separately,  producing  a 

fused  image,  as  before.   In  both  these  cases,  the  immediate  cause 

the  confusion  of  sight  is  the  same,  viz.,  that  the  rays  coming 
3m  the  same  point  of  the  object  strike  the  retina  at  different  points ; 
at  in  the  first  instance,  this  is  because  the  rays  have  actually  con- 
^rged,  and  then  crossed ;  in  the  second^  it  is  because  they  have 

ly  approached  each  other^  but  have  never  converged  to  a  fwcua 
'Another  important  particular  in  regard  to  the  action  of  the  lens 

the  accommodation  of  the  eye  to  distinct  vision  at  different  distances. 

is  evident  that  the  same  arrangement  of  refractive  parts,  in  the 
f€j  will  not  produce  distinct  vision  when  the  distance  of  the  ob- 
from  the  eye  is  changed.  If  this  arrangement  be  such  that 
ie  object  is  seen  distinctly  at  a  certain  distance,  and  the  object  be 
icn  removed  to  a  remoter  point,  the  image  will  become  confused; 
ir  the  rays  will  then  converge  to  a  focus  at  a  point  in  front  of  the 
Btina;  since,  being  less  divergent  when  they  strike  the  lens,  the 

le  amount  of  refraction  will  bring  them  together  sooner  than 
fore.   On  the  other  hand,  if  the  object  be  moved  to  a  point  nearer 
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the  eye,  the  rays,  becoming  more  divergent  as  they  strike  the  lens, 
will  converge  less  rapidly  to  a  focus^  and  vision  will  again  become 
indistmet* 

This  may  easily  be  seen  by  the  aid  of  a  very  simple  cxperimenL 
If  two  needles  be  placed  upright,  at  different  distances  from  iheeye* 
one  for  example  at  eight  and  the  other  at  eighteen  inches^  but 
nearly  in  the  same,  linear  range,  and  if  then,  closing  one  eye,  we 
look  at  them  alternately  with  the  other,  we  shall  find  that  we  can- 
not see  both  distinctly  at  the  same  time.     For  when  we  look  at 
the  one  nearer  the  eye,  so  as  to  perceive  its  form  distinctly,  the 
image  of  the  more  remote  one  becomes  confused ;  and  when  we  see 
the  more  remote  object  in  perfection,  that  which  is  nearer  loses  its 
sharpness  of  outline.     This  shows,  in  the  first  place,  that  the  same 
condition  of  the  eye  will  not  allow  us  to  see  two  objects  at  difierent 
distances  with  distinctness  at  the  same  time ;  and  secondly  that,  on 
looking  from  one  object  to  the  other,  there  is  a  change  of  some  kind 
in  the  focus  of  the  e^^e,  by  which  it  is  adapted  to  different  distances. 
Indeed  we  are  conscious  of  a  certain  effort  at  the  time  when  the 
point  of  vision  is  transferred  from  one  object  to  the  other,  by  which 
the  eye  is  adapted  to  the  new  distance;  and  this  alteratiao  is  not 
quite  instantaneous,  but  requires  a  certain  interval  of  time  for  its 
completion. 

The  precise  manner  in  which  this  accommodn*^'"  i«  -^^f^^cted  hai 
given  rise  to  much  discussion.   It  evidently  mi^  a] 

either,  Ist,  by  a  change  in  the  curvature  of  the  cornea,  op  2cI, 
change  in  the  curvature  of  the  lens,  or  3d,  by  an   antr--^ 
movement  of  the  leos,  by  which  its  distance  from  the  i  \^ 

bo  increased  or  diminished,  or  4th,  by  a  change  in  the  fign 
entire  eyeball,  by  which  its  longitudinal  axis  might  be  v 
or  shortened.  All  these  causes  have  in  turn  been  suppose. 
active  in  producing  the  requisite  effect 

The  facts  now  known  in  regard  to  the  matter  are  as  follows:— 

I.  In  the  first  place  it  is  certain  that  accommodation  of  the  en 
for  distant  objects  is  a  passive  condition, — that  for  near  objectaia 
aotivc  one.  When  we  look  at  distant  images,  the  eye  is  oompua* 
tively  at  rest.  It  is  when  we  fix  the  sight  upon  near  objects  ;^ 
we  are  conscious  of  an  active  change  in  the  eye,  which  riDquire»i 
certain  exertion  on  our  part ;  and  this  exertion  is  the  more  marksl 
as  the  objects  which  we  examine  are  more  closely  situat^^L  Gj» 
tinned  application  of  the  eye  to  near  objects  may  evea  pnidaoe  i 
perceptible  fatigue,  which  gives  place  to  a  sense  of  repose  od  igatt* 


directing  our  sight  to  the  distance*     Our  sensations,  also,  in  yisioa        ^^H 

of  near  objects,  give  the  impression  that  this  active  aceommodation        ^^M 

of  the  eye  is  accomplished,  in  some  way,  by  muscuhr  effort.                    ^^H 

IL  In  the  second  place,  it  is  now  rendered  sufficiently  certain,        ^^H 

^am  the  investigations  of  Donders^  and  others,  that  the  active  ac*        ^^M 

^pmmodation  of  the  eye,  for  vision  of  near  objects,  is  accomplished        ^^| 

bj  an  increased  convexity  a/ the  crystalline  lens.    If  the  eye  be  ac-        ^^H 

LMznmodated  for  vision  of  a  distant  object,  and  a  candle  be  then        ^^H 

^Bld  near  the  front  of  the  eye,  and  a  little  on  one  side,  an  observer        ^^| 

Hpi  see  three  reflected  images  of  its  flame  in  the  eyeball,  viz.,  one        ^^| 

^reflection  from  the  anterior  surface  of  the  cornea,  one  from  the  ante-         ^^B 

^^r  surface  of  the  lens,  and  one  from  the  posterior  surface  of  the         ^^B 

mm^    Now,  if  the  patient  change  bis  sight  from  the  distant  to  a        ^H 

^Kar  object,  accurate  measurements  will  show  that  the  reflection  on         ^^H 

Ppe  cornea  remains  unaltered,  but  that  the  reflected  image  on  the         ^^M 

1  anterior  surface  of  the  lens  diminishes  in  size  and  approximates  to          ^^| 

that  on  the  cornea.    Both  these  changes  indicate  that,  in  accommo-          ^^M 

^^ion  for  near  objects,  the  anterior  surface  of  the  km  becomes  more         ^^H 

^Kt^x  and  approaclies  the  cornea.     The  imago  on  the  posterior  sur-         ^^H 

^Km  of  the  lens  at  the  same  time  diminishes  slightly  in  size,  but         ^^H 

^Kuot  alter  its  position,  showing  that  this  surface  of  the  lens,  also,         ^^| 

^^^Bes  a  little  more  convex,  but  does  not  move  either  forward  or         ^^| 

i 

Bkward.    The  unaltered  appearance  of  the  reflection  on  the  coi 
1  fihows  that  this  part  of  the  eye  does  not  change  its  convexity. 
JWe  can  now  see  how  these  alterations  produce  the  require^ 
luges  in  accoramodation.     When  the  eye  is  accommodated  fo 
Aant  vision,  the  lens  assumes  the  form  which  is  normal  to  il 
len  in  repose  and  nnaffected  by  external  agencies.     Its  curvf 
res  are  then  such  that  rays  coming  from  distant  points,  and  hai 
;  consequently  but  a  slight  divergence,  are  brought  to  a  focuj 
lind  the  lens,  exactly  at  the  sensitive  surface  of  the  retina.  (Fij 

il<3eotiim<»diii  on  ait'i  Ecfractloii  of  the  Eye,  SjdeQbam  £d.,  London,  ISM,  p.  11 

• 
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I^  with  the  eye  in  this  condition,  the  sight  be  tiamed  toward  n 
near  object,  its  image  is  imperfectly  perceived ;  since  the  leiis,wbicli 
was  sufficiently  convex  for  distant  objects,  is  still  too  flat  for  tljfi 
widely  divergent  rays  of  near  objects^  and  the  image  upon  the  retiM 
is  accordingly  disused  and  indistinct,  as  in  Fig,  160.     But  by  tlie 

change  of  form  above  described, 
^*^"  ^^"*  the  lens,  in  acoommodatiJig  tbe  j 

eye  to  near  vision,  becon 
convex,  especially   on   i 
nor  surfiwje ;  and,  its  refractiT^ J 
power  being  thus   iiicreased, 
becomes  capable  of  bringing! 
divergent  rays  to  a  focus  at  tb^ 
retina,  and  the  object  is  disciacilr 
perceived,  as  in  Fig.  162, 
It  will  also  be  seen  that  if,  with  the  eye  thus  accominodatad^  tke 
sight  be  directed  again  to  remote  objects,  they  in  their  turn  will 
appear  indistinct ;  since  the  strongly  convex  lens  is  too  hir^*^    *" 
fractivc  for  rays  coming  from  a  distance,  and  the  image  wi'. 
fused,  as  in  Fig.  169.     To  produce  distinct  vision  at  a  digtanoe^  tM 
lens  must  return  to  its  original  form,  as  in  Fig.  161. 

It  is  supposed  that  the  alteration  of  the  form  of  the  leoe^  ia  thav  < 
changes,  is  due  to  a  circular  compression  of  its  edges,  by  soaie  i 
all  of  the  fibres  of  the  eiliary  muscle.     It  is  this  active  compr^sfitm" 
which  increases  its  convexity  in  vision  of  near  objects.    Wto 
this  pressure  ceases,  the  lens  resumes  it«  former  shape,  by  ihi?  p»- 
sive  elasticity  of  its  tissue,  and  becomes  again  adapted  for  ^iHOTt 
vision* 

A  little  examination  shows,  also,  that  the  amount  of  MOonu&oAl- 
tion^  necessary  to  distinct  \asion,  varies  very  nrincli  for  diflereal 
distances,  A  much  greater  accommodating  power  ia  requirt?d  S.^ 
near  distances  than  for  remote;  since  the  difference  in  diverg»M):c_ 
between  rays,  entering  the  pupil  from  a  distance  of  one  inch  i 
from  that  of  six  inclie.«,  is  much  greater  than  the  diflferenoB  I 
six  inches  and  a  yard,  or  even  distances  which  are  immeastifib 
remote.  Indeed,  for  all  distances  beyond  a  certain  limits  the  < 
ence  in  divergence  of  the  rays  is  practically  imparceptiblev  *od  I 
sensible  change  in  accommodation  is  required  for  objects  beyo 
that  limit.  It  is  for  near  distances,  then,  that  we  find  the  oc 
changes  of  accommodation  most  marked,  and  these  changes  beooo 
greater  and  more  difficult,  the  nearer  to  the  eye  the  object  i*  "^^^^^ 
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ast  a  limit  is  reached  beyond  which  they  become  im- 
le  eye  accordingly  cannot  be  made  to  see  distinctly  at 
distances.  For  all  ordinary  eyes,  accommodation  fails 
*Wsion  becomes  imperfect,  when  the  object  is  placed  at  a  dig- 
B  of  less  than  six  inches  from  the  eye.  But  from  that  point 
Irard,  the  healthy  eye  can  adapt  itsell"  to  any  distance  at  which 
t  is  peroeptible,  even  to  the  immeasurable  distances  of  the 
fl  stars. 

irde  of  Vision. — Since  the  opening  of  the  pupil  will  admit  rays 

ght  coming  from  various  directions,  there  is  in  front  of  the  eye 

frcle,  or  space,  within  which  luminous  objects  are  perceived,  and 

nd  which  nothing  can  be  seen,  because  the  rays,  coming  from 

ide  or  from  behind,  cannot  enter  the  pupil.     This  spac^  within 

ih  external  objects  can  be  perceive<l,  is  called  the  "circle  of 

m  "     Bat,  for  short  distances,  there  is  only  a  single  point,  in  the 

Ire  of  the  circle  of  vision^  at  which  objects  can  be  seen  distinctly. 

Kb,  if  we  place  ourselves  in  front  of  a  row  of  vertical  stakes  or 

des,  we  can  see  those  directly  in  front  of  the  eye  with  perfect 

etness,  but  those  at  a  little  distance  on  each  side  are  only  jier- 

in  a  confused  and  uncertain  manner.     On  looking  at  the 

of  a  printed  page,  in  the  direct  range  of  vision,  we  see  the 

outlines  of  the  letters;  while  at  successive  distances  from 

'point,  the  eye  remaining  fixed,  we  can  distinguish  first  only 

iparate  letters  with  confused  outlines,  then  only  the  words,  and 

only  the  lines  and  spaces. 

Fig.  les. 


is  is  because  rays  of  light  coming  into  the  eye  very  obliquely, 

teral  or  vertical  direction,  are  not  brought  to  their  proper  fixius. 

I,  in  Fig,  103,  the  rays  diverging  from  the  jjoiut  a,  directly  in 
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front  of  the  eye,  fell  upon  the  3ena  in  such  a  wajr  that  tliey  ait  all 
brought  together  at  a%  at  the  surface  of  the  retina ;  but  tho^  coming 
from  b  fall  upon  the  lens  so  obliquely  that^  for  rays  having  aneqoal 
divergence  with  those  coming  from  a,  there  is  more  diflerence  in  ihett 
angles  of  incidence,  and  of  course  more  difference  in  the  amooDt 
of  their  refraction.  They  are  consequently  brought  together  more 
rapidly,  and  on  reaching  the  retina  are  dispersed  over  the  apnce  y,  z. 

The  perfection  of  the  eye,  as  a  visual  apparatus,  is  very  much 
increased  by  the  action  of  the  iris.  This  organ,  as  we  have  already 
mentioned,  is  a  nearly  vertical  muscular  curtain,  placed  in  front  of 
the  lens,  attached  by  its  external  margin  to  the  junction  of 
cornea  and  sclerotic,  and  pierced  about  its  centre  by  the  circi 
opening  of  the  pupil  It  consists,  according  to  most  anatomi^tab 
two  sets  of  muscular  fibres— viz ^  the  circular  and  the  radiattoi^ 
The  circular  fibres,  which  are  much  the  most  abundant*  are  arranged 
in  concentric  lines  about  the  inner  edge  of  the  iris,  near  the  pnpil; 
the  others  are  said  ttj  radiate  in  a  scattered  manner,  from  its  oenml 
parts  to  its  outer  margin.  The  action  of  these  two  sets  of  fibftsit^ 
to  contract  and  enlarge  the  orifice  of  the  pupil.  The  circular  fibnsf^! 
in  contracting,  draw  together  the  edges  of  the  pupil,  and  so  diminiib- 
its  opening ;  and  when  these  are  relaxed,  the  radiating  fibres  owoe 
into  play,  and  by  drawing  apart  the  edges  of  the  orifice,  enlarge 
the  pupillary  opening.  The  action  of  the  circular  fibres,  at  thi 
same  time,  is  much  the  most  marked  and  important  of  the  twa 
For  when  the  whule  muscular  apparatus  of  the  eye  is  paralyanl 
by  the  action  of  belladonnap  or  by  the  division  of  the  third  [)aircf' 
nerves,  or  in  the  general  relaxation  of  the  muscular  system  ai  ths 
moment  of  ^eathi  the  pupil  is  invariably  dikted,  probably  by  dbe 
passive  elasticity  of  its  tissues. 

During  life,  however,  these  different  conditions  of  tbe  pttpjl  co^ 
respond  with  the  different  degrees  of  light  to  which  the  eye  is  ex- 
posed. In  a  strong  light,  the  pupil  contracts  and  shuts  oat 
superfluous  rays;  in  a  feeble  light,  it  dilates,  in  order  to  eoUaet 
into  the  eye  all  the  light  which  can  be  received  from  the  objed 
This  contractile  and  expansive  movement  of  the  pupil  ts  m  npto 
aciwn.  It  is  not  produced  by  the  direct  impression  of  the  Bghl 
upon  the  iris  itself,  but  upt>n  the  retina;  since,  if  the  retina  be 
affected  with  complete  amaurosis,  or  if  the  light  be  entirely  shxit  out 
from  it  by  an  opacity  of  the  lens,  no  such  effiict  is  produced,  thoQgil 
the  iris  itself  be  exposed  to  the  direct  glare  of  day.  Pram  tte 
retina  the  impression  is  transmitted,  through  the  optic  nerve,  io  tilt 
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optic  tubercles  and  the  brain,  thenoe  reflected  outward  by  the  ociilo- 
motorius  nerve  to  tiie  ophthalmic  ganglion,  and  so  throogh  the 
ciliary  nerves  to  the  irijs. 

The  pupil  is  subject*  however,  to  various  other  nervous  influences 
beside  the  impressions,  of  light  received  by  the  retina.     Thus  in 
^^iHoning  by  opium,  it  is  contracted ;  in  coma  from  compression  of 
^Bo  brain^  it  is  dilated ;  in  natural  sleep  it  is  contracted,  and  the  eye- 
'Ball  rolled  upward  and  inward.    In  various  mental  conditions,  the 
popll  is  also  enlarged  or  diminished,  and  thus  modifies  the  expres- 
,   sxon  of  the   eye;  and  in  viewing  remote  objects,  it  is  generally 
^blarged,  while,  in  looting  at  near  objects,  it  is  comparatively  con* 
^fcicted-     But  still,  the  most  constant  and  important  function  be- 
longing to  the  iris  is  the  admission  or  exclusion  of  the  rays,  accord- 
ing to  the  intensity  of  the  light. 

Our  impressions  of  distance  and  solklUy,  in  viewing  external 
objects,  are  produced  mainly  by  the  combined  action  of  the  two  tye$. 
For,  as  the  eyes  are  seated  a  certain  distance  apart  from  each  other 
in  the  head,  when  they  are  both  directed  toward  the  same  object, 
aeir  axes  meet  at  the  point  of  sight,  and  form  a  certain  angle  with 
other ;  and  this  angle  varies  with  the  di.^tance  of  the  object, 
JUS,  when  the  object  is  within  a  short  distance,  the  axes  of  th^ 
to  eyes  will  necessarily  be  \QTy  convergent,  and  the  angle  which 
they  form  with  each  other  a  large  one ;  but  for  remote  objects,  the 
U  axes  will  become  more  nearly  parallel,  and  their  angle  con- 
j^uently  smaller.  It  is  on  this  account  that  we  can  always  dis- 
[iguish  whether  any  person  at  a  short  distance  is  looking  at  us, 
at  some  other  object  in  our  direction;  since  we  instinctively 
ppreciate,  from  the  appearance  of  the  eyea,  whether  their  visual 
les  meet  at  the  level  of  our  own  face* 

Fin  looking  at  a  landscape,  accordingly,  we  do  not  see  the  whole 
of  it  distinctly  at  the  same  moment,  but  only  those  parts  to  which 
at  attention  is  immediately  directed.     This  is  because,  in  the  first 
ce,  the  focus  of  distinct  vision  varies,  in  each  eye,  for  different 
stances,  aa  we  have  seen  in  a  former  paragraph,  and  secondly, 
mse  both  eyes  can  only  be  directed  together,  at  one  time,  to 
cts  at  a  certain  distance,     Tims,  when  we  see  the  foreground 
'  the  middle  ground  distinctly,  the  distance  is  vague  and  nncer- 
kin^  and  when  we  direct  our  eyes  more  particularly  to  the  horizon, 
^ects  in  the  foreground  become  indistinct.     In  this  way  we  ap- 
:;iate  the  diflerence  in  distance  between  the  various  portions  of 
land^cape^  as  a  whole*    In  the  case  of  particular  objects,  we  are 
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assisted  also  by  the  alteration  ia  their  individual  ohnnicten;  fcf 
disUiace  produces  a  diminution^  both  in  apparent  size  anjd  ia  i&< 
tensity  of  color. 

The  combined  action  of  the  two  eye»  ia  also  very  yaltiaUe»  Car 
near  objects,  in  giving  us  an  idea  of  solidity  or  jmijecUmL    Y^\ 
within  a  certain  distance,  the  viaual  axes  when  directed 
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at  a  solid  object,  are  so  convergent  that  the  two  eyes  do  not  reccif>t 
the  same  image.  As  in  Figs.  164  and  165,  which  represent  a  Bkdl 
as  seen  by  the  two  eyes,  when  placed  exactly  in  front  of  the  ol> 
server  at  the  distance  of  eighteen  inches  or  two  feet,  the  righl  ej% 
mil  see  the  object  partly  on  one  side,  and  tlie  left  eye  partly  on  the 
other.  And  by  the  union  or  combination  of  theae  two  Images  \n 
the  visual  organs,  the  impression  of  solidity  ia  produeedL 

By  the  employment  of  double  pictures,  so  drawn  aa  lo  repraM 
the  appearances  presented  to  the  two  eyes  by  the  same  objocl^  tad 
so  arranged  that  each  shall  be  seen  only  by  the  corresponding  ^f% 
a  deceptive  resemblance  may  be  produced  to  the  actual  projtyti^Mi 
of  eoiid  objects.  This  is  accomplished  in  the  contrivance  kuowa 
as  the  Slfireoscope.  Thus,  if  two  pictures  similar  to  those  in  Vigk 
164  and  165  be  so  placed  that  one  shall  be  seen  only  with  the  right 
eye  and  the  other  ooly  with  the  left,  the  combination  of  the  tto 
figures  will  take  place  as  if  they  came  from  the  real  object,  taiA 
all  the  natural  projections  will  come  out  in  relief. 

But  this  eftect  is  produced  only  in  the  case  of  objects  gmuicu 
within  a  moderately  short  distance.  For  very  remote  objects*  !• 
lose  the  impression  of  solidity^  since  the  di^ferenoe  in  tlie  imago <tt' 
the  two  eyes  becomes  so  slight  as  to  be  inappreciably  and  we  »et 
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'duly  a  plane  expanse  of  surface,  with  sharp  outlinfes  and  various 
shades  of  color^  but  no  actual  projections  or  depressions. 

The  sensibility  of  the  retina  is  such  that  it  cannot  distinguish 

KBainous  points  which  are  received  upon  its  surface  at  a  very 
fitUe  distant  from  eoeh  other.  In  this  particular,  the  sensibility 
of  the  retina  resembles  that  of  tlie  skin,  since  we  have  already 
found  that  the  integument  cannot  distinguish  the  impressions 
made  by  the  points  of  two  needles  placed  a  very  short  distance 
in.  The  delicacy  of  this  discriminating  power,  in  the  retina,  i^ 
leasurably  superior  to  that  of  the  skin;  and  yet  it  has  its 
llita^  even  in  the  nervous  expansion  of  the  eye.  For  if  we  look 
Ian  object  which  is  excessively  minute,  or  which  is  so  remote 
ita  apparent  size  is  very  much  diminished,  we  lose  the  power 
[iHstinguishing  it^  diQerent  parts,  and  can  no  longer  perceive 
'real  outline.  This  is  a  very  different  condition  from  that  in 
sh  the  confusion  of  vision  arises  from  defect  of  focusing  in  the 
as^  for  example,  in  long  or  short-sightedness,  or  where  the 
is  placed  too  near  the  eye  or  too  much  on  one  side.  For 
\en  the  difficulty  depends  simply  on  its  minute  size  or  ita  remote- 
the  rays  coming  from  the  top  of  the  object  and  those  coming 
the  bottom,  are  all  brought  to  their  proper  focus  at  distinct 
its  on  the  retina — only  these  jmnls  are  tm  near  each  other  for  the 
ina  to  distinguish  thern  apart.  Consequently  we  can  no  longer 
ireciate  the  form  of  the  object. 

?or  the  same  reason,  when  wo  mix  together  minute  grains  of  a 
Ferent  hue,  we  produce  an  intermediate  color.  If  yellow  and 
blue  be  mingled  in  this  way,  we  no  longer  perceive  the  separate 
blue  and  yellow  grains,  but  only  a  nnitbrm  tinge  of  green;  and 
white  and  black  granules,  mixed  together,  protiuce,  at  a  short  dis- 
tanoe,  the  appearance  of  a  continuous  shade  of  gray. 

Impressions^  once  prodnted  upon  the  retina,  refnain  for  a  short  time 
trwanJL  Usually  these  impressions  are  so  evanescent  after  the 
aoval  of  their  immediate  cause,  and  are  so  soon  followed  by 
tiers  which  are  more  vivid,  that  we  do  not  notice  their  existence, 
bey  may  y^ry  readily  be  demonstrated,  however,  by  swinging 
>idly  in  a  circle  before  the  eyes^  in  a  dark  room,  a  stick  lighted 
[one  end.  As  soon  as  the  motion  has  attained  a  certain  degree  of 
flocity,  the  impression  produce<i  on  the  retina,  when  the  lighted 
of  the  stick  arrives  at  any  particular  spot,  remains  until  it  has 
completed  ita  revolution  and  has  again  reached  the  same  point; 
»o  that  the  effect  thus  produced  upon  the  eye  is  that  of  a  continu* 
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ous  circle  of  light.  The  same  fact  has  been  illustrated  bj  iHe 
optical  contrivance,  known  as  the  ThaumatTOpCf  in  which  suocessit^ 
pictures  of  similar  figures  in  difiFercnt  positions  are  made  to  revolve  i 
rapidly  before  the  eye,  and  thus  to  produce  the  apparent  effect  ijfa 
single  figure  in  rapid  motion  ;-^nce  the  eye  fails  to  perceiTe  tha 
interyals  between  the  different  pictures 

The  sense  of  vision,  therefore,  through  the  impressions  of  light, 
gives  us  ideas  of  form,  size,  color,  position,  distance,  and  moTemeoi  I 
But  these  ideas  may  also  be  excited  by  impressions  deri>'ed  tnm 
an  internal  source,  as  well  as  those  produced  by  rays  coming  irom  i 
without.    And  it  is  one  of  the  most  striking  peculiarities  of  the  | 
sense  of  sight  that  these  ideal  or  internal  impressions  which 
excited  in  it  by  various  causes^  are  much  more  vivid  and  poW€TfMt 
than  those  qf  any  other  of  the  senses.     Thus,  in  a  dream,  we  o&sn  tm 
external  objects^  with  all  their  visible  peculiarities  of  lights  color 
form,  Ac,  nearly  or  quite  as  distinctly  as  when  we  are  awake;  bot^ 
the  imaginary  impressions  of  si)und,  in  this  condition^  are  alw&j 
comparatively  faint,  and  those  of  taste,  smell,  and  touch,  ah&ofil] 
entirely  imperceptible.    Even  in  a  reverie,  in  the  waking  coodi^ 
tion,  when  the  absorption  of  the  mind  in  its  own  thoughts  is  oon 
plete,  and  we  are  withdrawn  altogether  from  outward  influenMhl 
we  see  objects  which  have  no  present  existence  as  if  they  w«r9J 
actually  before  us.    It  is  this  sense  also  which  becomes  moet  easily! 
and  thoroughly  excited  in  certain  nervous  disorders;  as^  for  exiio-l 
pie,  in  delirium  tremens,  where  the  patient  often  sees  passing  befotift  j 
his  eyes  extensive  and  magnificent  landscapes,  crowds  of  humi» 
faces  and  figures,  and  scries  of  towns  and  cities,  which  seem  to  he 
depicted  upon  the  imagination  with  a  force  and  distinctnaas,  much 
superior  to  that  of  other  delirious  impressions.     Since  the  sense  of  | 
sight,  therefore,  depends  less  directly  than  the  other  senses  up 
the  actual  cx)ntaot  of  material  objects^  it  is  also  more  easily  ihioviij 
into  activity  when  withdrawn  from  their  influence. 


Hearing.^ — The  sense  of  hearing  depends  upon  the  vit 
excited  in  the  atmosphere  by  sonorous  bodies,  which  are  then 
first  thrown  into  vibration  by  various  causes,  and  which  then  ^ 
municate  similar  undulations  to  the  surrounding  air.  These  sono  i 
rous  vibrations  are  of  such  a  clxaracter  that  they  cannot  be  4irwly  j 
appreciated  by  ordinary  sensibility,  but  the  result  of  Qumeroaf  aidf 
well-directed  phj^sica!  experiments  on  this  subject  leaves  no  dcmbcj 
whatever  of  their  existence ;  and  when  such  vibrations  are  cofiimii"| 
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licated  to  tbe  auditory  apparatus,  they  prodace  in  it  the  sensatioa 
"of  mund. 

In  the  case  of  the  aquatic  animals,  wliich  pass  their  entire  exist* 
beneath  the  surface  of  the  water,  the  water  itself,  which  is 
ipable  of  vibrating  in  the  same  way,  communicates  the  sonorous 
ipressions  to  the  organ  of  hearing;  but  in  terrestrial  animals, 
and  particularly  in  man,  it  is  the  atmosphere  which  always  serves 
as  the  medium  of  transmission. 

The  auditory  apparatus,  in  man  and  in  the  quadrupeds,  consists, 

first,  of  a  somewliat  expanded  and  trumpet-shaped  mouth,  or  ex* 

iemal  ear,  destined  to  receive  and  collect  the  sonorous  impulses 

>ming  from  various  quarters.     This  external  ear  is  constructed 

a  cartilaginous  framework,  covered  with  integument,  loosely 

ohed  to  the  bones  of  the  head,  and  more  or  less  movable  by 

[leans  of  various  muscles,  which  by  their  contraction  turn  its 

panded  orifice  in  different  directions.    In  man,  the  movements 

■  the  external  ear  are  almost  always  inappreciable,  though  the  mus- 

may  be  easily  demonstrated ;  but  in  many  of  the  lower  animals 

bese  movements  are  exceedingly  varied  and  extensive,  and  play  a 

Bry  important  part  in  the  working  of  the  auditory  apparatus. 

At  the  bottom  of  the  external  ear,  its  orifice  is  prolonged  into  a 

jbe  or  canal,  the  txtemal  auditory  meatus,  partly  cartilaginous  and 

irtly  bony,  which  penetrates  the  lateral  part  of  the  temporal  bone 

a  nearly  horizontal   and  transverse  direction.     In  the  human 

ibject,  this  canal  is  a  little  over  one  inch  in  length,  and  is  lined 

a  continuation  of  the  external  integument     The  integument 

Ward  its  outer  portion  is  beset  with  small  hairs>  and  provided 

l^ith  ceruminous  glands  which  supply  a  secretion  of  a  waxy  or 

inous  consistency.     By  these  means  the  passage  is  protected 

>m  the  accidental  ingress  of  various  foreign  bodies. 

Secondly,  at  the  bottom  of  the  external  meatus  the  auditory  pas- 

ige  Is  closed  by  a  thin  fibrous  membrane,  stretched  across  its  cavity, 

lied  the  membrana  UjmjmnL    Upon  this  membrane  are  receiv^ed  the 

sonoroQS  vibrations  which  have  been  collected  by  the  escternal  ear 

conducted  inward  by  the  external  auditory  meatus.     Behind 

be  membrana  tympani  is  the  cavity  of  the  middle  ear^  or  the  cavity 

^tbe  tympanum.     This  cavity  communicates  posteriorly  with  the 

lafiloid  cells,  and  anteriorly  with  the  pharynx,  by  a  narrow  pfissage, 

[led  with  ciliated  epithelium,  and  running  downward,  forward  and 

rard,  called  the  Eustachian  tub^.     A  chain  of  small  bones,  the 

lUens,  incusy  and  stapes,  is  stretched  across  the  cavity  of  the 
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tympanum,  and  fonns  a  oommonicatioii  betiveen  the  memlDtrsnA 
tympani  on  the  outside,  and  the  membrane  closing  the  foratiwai 
ovale  in  the  petrous  portion  of  the  temporal  bone.  All  the  Tibra* 
tions,  accordingly,  which  are  received  by  the  membrana  tympwil 
are  transmitted  by  the  chain  of  bones  to  the  membrane  of  the 
foramen  ovale.  The  tension  of  the  membranes  is  regulated  by  two 
small  muscles,  the  tensor  Ij/m^tani  and  stapedius  muscles,  which  arise 
from  the  bony  parts  in  the  neighborhood,  and  are  inserted  respect- 
ively into  the  neck  of  the  malleus  and  the  head  of  the  stapes,  and 
which  draw  the^  bones  forward  and  backward  upon  their  artica* 
lations. 

Thirdly,  behind  the  membrane  of  the  foramen  ovale  lies  the 
labt/rin/h,  or  internat  ear.  This  consists  of  a  complicated  WfcVitf, 
excavated  in  the  petrous  portion  uf  the  temporal  lx>iie,  and  oom- 
pricing  an  ovoid  central  portion,  the  vcstihnle,  a  double  spiral  caoal^ 
the  cochlea,  and  three  semicircular  canab,  all  communicating  by 
means  of  the  common  vestibule.  All  parte  of  this  cavity  coDtaiii 
a  watery  fluid  termed  the  perilymph.  The  vestibule  and  aesni- 
circular  canals  also  contain  closed  membranous  sacs,  suspended  ia 
the  fluid  of  the  perilymph,  which  reproduce  exactly  the  fcHinof 
the  bony  cavities  themselves,  and  communicate  with  each  other  la 
a  similar  way.  These  sacs  are  filled  with  another  watery  floii 
the  endolymph ;  and  the  terminal  filaments  of  the  auditory  nerup 
are  distributed  upon  the  membranous  sac  of  the  vestibule  and  iipofi 
the  ampullae,  or  membranous  dilatations,  at  the  corani'  tr*f 

the  three  semicircular  canals.  The  remaining  portion  .  i.  viH 
tory  nerve  is  distributed  upon  the  septum  between  the  two  spiral 
canals  of  the  cochlea. 

Thus,  the  essential  or  fundamental  portion  of  the  auditory  appa- 
ratus is  evidently  the  internal  ear,  a  cavity,  partly  membranous  and 
partly  bony,  in  which  is  (Hstribnted  a  nerve  of  special  sense^  the 
auditory  nerve,  capable  of  appreciating  sonorous  impressions.  The 
accessory  parts,  on  t!ie  other  hand,  are  the  chain  of  bones  and  ti« 
membrane  of  the  tympanum,  which  communicate  the  sonoroifi 
vibrations  directly  to  the  internal  ear;  and  the  meatus  and  extemil 
ear,  which  collect  them  from  the  atmosphere.  ^  The  reoeptioo  of 
sonorous  impulses  is  therefore  accomplished  in  a  very  indired  *iy. 
For  the  sonorous  body  first  communicates  its  vibratiooa  to  tie 
atmosphere*  By  the  atmosphere  these  vibrations  are  oommutitcalBa 
to  the  merabrana  tympani*  From  the  membrana  tympani,  they  iie 
transmitted,  through  the  chain  of  bones^  to  the  membrane  of  ike 
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mramen  ovale ;  ttence  to  tlie  perilymph,  or  fluid  of  the  labyrinthic 
cavity,  and  from  the  perilymph  to  the  membranous  parts  of  the 
labyrinth  and  the  nerves  which  are  distributed  upon  them. 

The  arrangement  of  the  different  parts  composing  the  tympanum 
IS  of  the  greatest  importance  for  the  perfect  enjoyment  of  the  sense 

Fig,  16«. 


HrMAV  ACDTTORT  AfPAKAf  Ti,  vbowfaf  «xtffTiiAl  tudUorjT  iDimtiLit  trmpiDiijn,  and  UUy^ 

HDtll. 

of  hearing.  For  the  air  on  the  two  sides  of  the  membrane  of  the 
fmpanum  should  be  in  the  same  condition  of  elasticity  in  order  to 
How  of  the  proper  vibration  of  the  membrane;  and  this  equilibrium 
would  be  liable  to  disturbance  if  the  air  within  the  tympanum  were 
;^mpletely  confined,  while  that  outside  is  subjected  to  variations 
barometric  pressure.  By  means  of  the  Eustachian  tube,  how- 
irer,  a  communication  is  established  between  the  cavity  of  the 
tympanum  and  the  exterior,  and  the  free  vibration  of  the  membrane 
is  thus  secured. 

The  t:a:aci  itnslon  of  the  memhrana  tympam  itself  is  also  provided 
>r,  as  we  have  already  observed,  by  the  action  of  the  two  muscles 
ed  into  the  malleus  and  the  stapes.     By  the  contraction  of 
I  internal  muscle  of  the  malleus,  or  lensor  tt/mpani^  the  membrane 
of  the  tympanum  is  drawn  inward  and  rendered  more  tense  than 
aL    The  action  of  the  sia/)€diu6  muscle  is  by  some  thought  to 
»lax  the  membrana  tympaui,  by  others  to  assist  in  the  tension 
3th  of  this  membrane  and  that  of  the  foramen  ovale,  to  which 
!ie  stapes  is  attached*     But  there  is  no  doubt  that  both  these  mus- 
|e%  by  their  combined  or  alternate  action,  can  regulate  the  tension 
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of  the  tympanic  merabrane»  to  an  extraordinary  degree  of  nicety, 
and  thus  increase  the  case  and  delicacy  with  which  varioiu  soumk 
are  distinguished.  For  if  the  membrane  be  so  put  upon  the  ^imch 
that  its  fundamental  note  shall  be  the  same  with  that  of  the  sounJ 
which  13  to  be  heard,  it  will  vibrate  more  readily  in  coownnTiw 
with  the  undulations  of  the  atmosphere,  and  the  sound  will  be 
more  distinctly  heard.  On  the  contrary,  if  the  membrane  betw 
highly  stretched,  very  grave  sounds  may  not  be  heard  ai  all^  until 
its  tension  is  diminished  to  the  requisite  degree. 

Contrary  to  what  is  sometimes  asserted,  the  communicatioa  of 
sonorous  impulses  to  the  internal  ear  is  accomplished  aUa^jtiher  hg 
Tueans  of  the  tympanum  ami  chain  of  bones.     It  has  been  thought  tlial 
sounds  were  transmitted,  in  many  instances,  directly-  to  the  internAl 
ear  by  the  medium  of  the  cranial  bones.     This  was  infer reil  twm 
such  facts  as  the  following.    If  a  tuning-fork,  in  vibration,  be  tak«n 
between  the  teeth,  lU  sound  will  appear  very  much  londer  thnn 
if  it  were  simply  held  near  the  external  ear;  and  if.  while  it  in^i 
held,  one  of  the  ears  be  closed,  the  sound  will  appear  very  muchj 
louder  on  that  side  than  on  the  other.    The  sound  will  also  be  beari 
if  the  tuning-fork  be  applied  to  the  upper  part  of  the  cranium  or 
the  mastoid  process,  with  a  similar  increase  of  resonance  on  clwog 
the  ears.     Finally  our  own  voices  are  heard^  though  the 
both  closed,  and  the  sound  is  much  louder  with  the  eaw 
than  open. 

These  are  the  facts  which  have  led  to  the  belief  that, 
instances,  the  sound  was  communicated  directly  through  the  booei 
of  the  head,  vibrating  in  consonance  with  the  sounding  body.    Bot 
a  little  examination  will  show  that  such  is  not  the  caae.    Wh^  w 
hold  the  end  of  a  vibrating  tuning-fork  between  the  teeth^  we  M 
longer  hear  the  sound  at  the  vibrating  extremity  of  the  i 
ment  or  its  neighborhood,  but  in  the  mouth  mid  (ha  ntuat  fo$$m* 
is  the  vibration  of  the  air  in  these  passages  which  p^     '         the 
sound ;  and  this  vibration  is  communicated  to  the  ca  .  lie 

tympanum,  perhaps  through  the  Eustachian  tube.  The  itppAreni 
increase  of  sounds  also,  on  closing  the  ears,  whioh  could  n* 
plained  on  supposing  it  to  be  conducted  directly  to  the 
ear  through  the  bones  of  the  cranium,  is  due  to  the  saina  (aia»^ 
For  it  can  easily  be  seen,  on  trying  the  experiment^  either  with 
tuning-fork  held  between  the  teeth,  or  simply  with  our  own  vodoai' 
that  this  apparent  increase  of  sound  takc^  place  only  when  ibt 
ears  are  closed  by  gcnlh  pressure.     If  the  preasuxu  be  excefitfi^i 
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so  that  the  integument  is  forced  inward  into  the  meatus  and  the 
&IX  10  the  meatus  subjected  to  undue  corapreasion,  the  sound  no 
longer  appears  louder  in  the  corresponding  ear,  and  may  even  be 
lost  altogether* 

The  apparent  increaae  of  sound,  therefore,  in  such  cases,  when 

the  ear  is  gently  closed,  U  due  to  the  fact  that  the  meatus  is  thus 

converted  into  a  reverberatory  cavity,  by  which  the  vibrations  of  ' 

th€i  tympanum  are  increased  in  intensity.     But  if  the  air  in  the 

meatus  be  too  much  compressed  by  forcible  closure,  the  vibrations 

of   the  tympanum  are  then  interfered  with  and  the  sound  is  dimi- 

ii^iahed  or  destroyed. 

In  all  cases,  then,  it  is  the  sonorous  vibrations  of  the  air  which 
pT-oduce  the  sound,  and  these  vibrations  are  received  invariably  by 
t\\e  membrane  of  the  tympanum,  and  thence  transmitted  to  the 
ickliemal  ear  by  the  chain  of  bones.  The  cranial  bones  are  incapable 
of^  communicating  these  vibrations  to  tlie  labyrinth  and  its  contents, 
^^^  eept  very  faintly  and  imperfectly.  For  common  experience  shows 
tln^^t  even  the  loudest  and  sharpest  sounds,  coming  from  without, 
ft--r^  almost  entirely  lost  on  closing  the  external  ears;  and  our  own 
''^^^piratory  and  cardiac  sounds,  which  are  so  easily  heard  as  soon 
^-s.  the  chest  is  connected  with  the  ear  by  a  flexible  stethoscope,  are 
e»>tirely  inaudible  to  us  in  the  usual  condition. 

The  exact  ftinction  of  the  different  parts  of  the  internal  ear  itf  ' 
Q-<r>t  well  understood.     It  has  b^en  thought  to  be  the  office  of  the 
^'C^^micircular  cnnah  to  determine  the  direction  from  which  the  sono- 
^<:>us  impulses  are  propagated.     This  opinion  was  based  upon  the 
'^Xarious  fact  that  these  canals,  always  three  in  number,  are  placed 
^^^  such  positions  as  to  correspond  with  the  three  difterent  direc- 
^ons  of  vertical,  lateral,  and  longitudinal  extension;  for  one  of 
^li^em  is  nearly  vertical  and  transverse,  another  vertical  and  longi- 
^Vi^dinal,  and  the  third  horizontal  in  position.     The  sonorous  im- 
t>\ilses,  therefore,  coming  in  either  of  these  directions,  would  be 
^^ceived  by  only  one  of  the  semicircular  canals  (by  direct  conduc- 
"tion  through  the  bones  of  the  head)  perpeodicukrly  to  its  own 
l>lane;  and  an  intermediate  direction,  it  was   thought,  might  be 
appreciated  by  the  combined  effect  of  the  impulse  upon  two  adja- 
cent canals. 

Eaough  has  already  been  said,  however,  in  regard  to  the  commu- 

*^ication  of  sound  directly  through  the  bones  of  the  head  to  the  in* 

t^faal  ear,  to  show  that  this  cannot  be  the  mode  in  which  the  direc 

tion  of  sound  ia  ascertained.    Indeed,  when  we  hear  any  loud  and 
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well*marked  sound  coming  from  a  particular  region^  aucli  as  tlw 
music  of  a  military  band  or  the  whistle  of  a  locomotive,  we  haireonly 
to  close  the  external  cars  to  lose  our  perception  both  of  the  m\ 
and  its  direction.     The  direction  of  sonorous  imprenkms  is  tppre-1 
ciated  in  a  different  way.     In  the  first  place,  we  feel  that  the  sound f 
comes  from  one  side  or  the  other,  by  its  making  a  more  dii 
impression  on  one  ear  than   the  opposite;    and  by  inclining  tl 
head  slightly  in  various  directions,  w^e  easily  ascertain  whether 
sound  becomes  more  or  less  acute,  and  so  judge  of  its  actual  som 
Many  of  the  lower  animals,  whose  ears  are  very  large  and  movable, 
use  this  method  to  great  extent    A  horse,  for  example^  when  upon 
the  road,  often  keeps  his  ears  in  constant  motion,  feelt'nff,  as  il  were. 
in  the  distance,  for  the  origin  of  the  various  sounds  which  excile^ 
his  attention. 

Beside  the  above,  we  are  further  assisted  in  our  judgmeot 
direction  of  sounds  by  our  previous  knowledge  of  the 
the  direction  of  the  wind,  and  the  manner  in  which  the  rnmsA 
reflected  by  surrounding  objects.     When  these  sources  of  infoi 
tion  fail  us,  we  are  often  at  a  loss.     It  is  notoriously  difficult 
example,  to  judge  of  the  place  of  the  chirping  of  a  cricket  is 
perfectly  closed  room,  or  of  the  direction  of  a  bell  heard  cm 
water  in  a  thick  fog. 

The  sense  of  hearing  has  a  much  closer  analogy  with  ordi 
tsensibility  than  that  of  sight  Thus,  in  the  first  plac^  beamg  h 
accomplished  by  the  direct  intervention  and  contact  of  a  toaftml 
body — the  atmosphere ;  for  sonorous  impulses  cannot  be  prodiieid 
in  a  vacuum,  and  we  hear  no  sound  from  a  bell  rung  ttnder  in 
exhausted  receiver.  Secondly,  the  nature  of  the  impressions  pi 
duced  by  sound  is  such  that  we  can  often  describe  them  b? 
same  terms  which  arc  applied  to  ordinary  sensations.  Thfu» 
speak  of  sounds  as  sharp  and  dull,  piercing,  smooth,  or  joagh ; 
we  feel  the  impulse  of  a  sudden  and  violent  explosive  somid, 
that  of  a  blow  upon  the  tympanum. 

By  this  sense,  therefore,  we  distinguish  the  qnalitv,  intenfltr^ 
pitch,  duration,  and  direction  of  sonorous  impulses.     ^' 
with  which  these  distinctions  are  appreciated  varies  *_;:._. 
in  different  individuals  j  and  in  different  kinds  of  animals  tliertif 
reason  to  believe  that  the  diversity  is  much  greater,  some  of  t^ 
being  almost  insensible  to  sounds  which  are  readily  peroeivr 
others.     In  man*  the  number  and  variety  of  tones  which  can  ori^ 
be  discriminated  is  very  great;  and  this  sense,  acconltngl?,  b  tkt 
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iplication  and  finish  of  its  apparatus,  and  the  perfection  and  deli* 
acy  of  its  action,  must  be  regarded  as  second  only  to  that  of  vision. 


On  the  Senses  in  General, — There  are  several  facts  connected 
fith  the  operation  of  the  senses,  both  general  and  special,  which 
common  to  all  of  them,  and  which  still  remain  to  be  considered. 
the  first  place,  an  impression  of  any  kind,  made  upon  a  sens!* 
Ive  organ,  rsmaiiis  for  a  time  after  tlie  remomil  of  its  exciting  cause, 
Te  have  already  noticed  this  in  regard  to  the  senses  of  taste,  smeU 
ad  sight,  but  it  is  equally  true  of  the  hearing  and  the  touch, 
lus,  if  the  skin  be  touched  with  a  piece  of  ice,  the  acute  sensa- 
311  remains  for  a  few  seconds,  whether  the  ice  be  removed  or  not. 
jfor  the  higher  order  of  the  special  senses,  the  time  during  which 
lis  secondary  impression  remains  is  a  shorter  one.     In  the  case  of 
uring,  however,  it  has  been  measured  with  tolerable  approach  to 
iuracy ;  for  it  has  been  found  that,  if  the  sonorous  undulations 
>Uow  each  other  with  a  greater  rapidity  than  sixteen  times  per 
^nd.  they  become  fused  together  into  a  continuous  sound,  pro- 
iioing  upon  the  ear  the  impression  of  a  musical  7iote.     The  var^^ing 
ch  of  the  note  depends  upon  the  rapidity  with  which  the  vibra- 
>Ds  succeed  each  other.    When  the  succession  of  vibrations  is 
3ry  rapid,  a  high  note  is  the  result,  and  when  comparatively  slow, 
^  m  low  note  is  produced ;  but  when  the  number  of  impulses  falls 
&low  sixteen  per  second,  we  then  begin  to  perceive  the  distinct 
ibrations,  and  so  lose  the  impression  of  a  continuous  note. 
All  the  senses,  iu  the  second  place,  become  accustomed  to  a  coii* 
iiierf  impremon,  so  that  they  no  longer  perceive  its  existenoe. 
aus,  if  a  perfectly  uniform  pressure  be  exerted  upon  any  part  of 
lie  body^  the  compressing  substance  after  a  time  fails  to  excite  any 
^nsatioo  in  the  skin,  and  we  remain  unconscious  of  its  existence, 
order  to  attract  our  notice,  it  is  then  necessary  to  increase  or 
lish  the  pressure;  while,  so  long  as  this  remains  uniform,  no 
is  perceived.    But  if,  after  the  skin  has  thus  become  accus- 
led  to  its  presence,  the  foreign  body  be  suddenly  removed,  our 
|tention  is  then  immediately  excited,  and  we  notice  the  absence  of 
impression,  in  the  same  way  as  if  it  were  a  positive  sensation. 
We  all  know  how  rapidly  we  become  habituated  to  odors,  whether 
Me  or  disagreeable  in  their  nature,  in  the  confined  air  of  a 
lose  apartment;    although^  on  first  entering  from  without,  our 
ation  may  have  been  attracted  by  them  in  a  very  decided 
mer.     A  continuous  and  uniform  sound,  also,  like  the  steady 
imbling  of  carriages,  or  the  monotonous  biasing  of  boiling  water, 
82 
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becomes  after  a  time  inaudible  to  us;  but  as  soon  as  tbe^wSn 
ceases,  we  notice  the  alteration,  and  our  attention  is  at  once  excikd. 
The  senses,  accordingly,  receive  their  stimulus  more  from  tlie  vamr 
tion  and  contrast  of  external  impressionsi  than  from  these  impress 
siona  themselves. 

Another  important  particular,  in  regard  to  the  senses  is  thor  j 
capacity  for  eduralion.     The  proofs  of  this  are  too  common  and 
^parent  to  need  more  than  a  simple  allusion.     The  touch  may  W] 

trained  that  the  blind  may  read  words  and  sentences  by  its  aid 
in  raised  letters,  where  an  ordinary  observer  would  hardly  deU 
anything  more  than  a  barely  distinguishable  inequality  of  surface,! 
The  educated  eye  of  the  artist,  or  the  naturalist,  will  distingi] 
variations  of  color,  she,  and  outlinci  altogether  inappreciable 
ordinary  vision ;  and  the  senses  of  taste  and  smell,  in  those  who  i 
in  the  habit  of  examining  wines  and  perfumes,  acquire  a  simib 
superiority  of  discriminating  power. 

In  these  instances,  however,  it  is  not  probable  that  the  organ  o(j 
sense  itself  becomes  any  more  perfect  in  organization,  or  roo 
susceptihle    to    sensitive   impressions.     The   increased    fanotiooalj 
power,  developed  by  cultivation,  de[>ends  rather  upon  the  gr 
delicacy  of  the  perceptive  and  discrimmaiing houliios.     It  is  a  me 
and  not  a  physical  superiority  which  gives  the  painter   or 
naturalist  a  greater  power  of  distinguishing  colors  and  outlitiiei^ 
and  which  enables  the  physician  to  delect  nice  variations  of  quality  J 
in  the  sounds  of  the  heart  or  the  respiratory  murmur  of  the  lungaLj 
The  impressions  of  external  objeeta,  therefore,  in  order  to  pTudoosI 
their  complete  effect,  must  first  be  received  by  a  sensitive  tppa^ 
ratus,  which  is  perfect  in  organization  and  functional  activUy;i 
and,  secondly,  these  impressions  must  be  subjected  to  the  actioa  of  [ 
an  intelligent  perception,  by  which  their  nature,  source  and  reli»l 
tions  are  fully  appreciated. 

That  part   of  the   nervous  system   which   we   have   hithert^l 
studied,  viz.,  the  cerebro-spinal  system,  consists  of  an  apparatus ofl 
nerves  and  ganglia,  destined  to  bring  the  individual  into  i^Utiod 
with  the  external  world.    By  means  of  the  special  senses^  he  il 
made  cognizant  of  sights,  sounds,  taste,  and  odors^  by  whidi  btl 
is  attracted  or  repelled,  and  which  guide  him  in  the  pursuit  Bad] 
choice  of  food.     By  the  general  sensations  of  touch  and  the  volun*! 
tary  movements,  he  is  enabled  to  alter  at  will  bia  position  %oi\ 
location,  and  to  adapt  them  to  the  varying  conditions  under  wlich 
he  may  be  placed.     The  great  passages  of  entrance  into  ihc  bodj. 
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and  of  exit  from  it,  are  guarded  by  the  same  portion  of  the  nerv- 
ous system.  The  introduction  of  food  into  the  mouth,  and  its 
passage  through  the  oesophagus  to  the  stomach,  are  regulated  by 
the  same  nervous  apparatus ;  and  even  the  passage  of  air  through 
the  larynx,  and  its  penetration  into  the  lungs,  are  equally  under 
the  guidance  of  sensitive  and  motor  nerves  belonging  to  the 
oerebro-spinal  system. 

It  will  be  observed  that  the  above  functions  relate  altogether 
either  to  external  phenomena  or  to  the  simple  introduction  into  the 
body  of  food  and  air,  which  are  destined  to  undergo  nutritive 
changes  in  the  interior  of  the  frame. 

If  we  examine,  however,  the  deeper  regions  of  the  body,  we  find 
located  in  them  a  series  of  internal  phenomena,  relating  only  to 
the  substances  and  materials  which  have  already  penetrated  into 
the  firame,  and  which  form  or  are  forming  a  part  of  its  structure. 
*These  are  the  purely  vegetative  functions,  as  they  are  called ;  or 
those  of  growth,  nutrition,  secretion,  excretion,  and  reproduction. 
These  functions,  and  the  organs  to  which  they  belong,  are  not 
under  the  direct  influence  of  the  cerebro-spinal  nerves,  but  are 
r^ulated  by  another  portion  of  the  nervous  system,  viz.,  the 
''ganglionic  system;"  or,  as  it  is  more  commonly  called,  the  "sys- 
tem of  the  great  sympathetic." 


5O0 


BY3T£M    OF   THE    QRBAT   SYMPATHBTIO, 


CHAPTER    VII. 


SYSTEM  OP  THE  GREAT  SYMPATHETIC. 

The  sympathetic  system  consists  of  a  doable  cbain  of  nei^oos  i 
ganglia,  running  from  the  anterior  to  the  posterior  extremity  of  the 
body,  along  the  front  and  sides  of  the  spinal  column,  and  con 
with  each  other  by  slender  longitudinal  filaments.  Each  gaaglidil 
is  reinforced  by  motor  and  sensitive  filaments  deriv^  from  ^] 
cerebro-spinal  system,  and  thus  the  organs  nnder  its  influeaoetiij 
brought  indirectly  into  communication  with  external  objects  mdl 
phenomena.  The  nerves  of  the  great  sympathetic  are  distriboldi  I 
to  organs  over  which  the  consciousness  and  the  wiVL  hare  no  immd- j 
diate  control,  as  the  intestine,  kidneys,  heart,  liver,  &c. 

The  first  sympathetic  ganglion  in  the  head  is  the  ophtfrnlmte  jm** 
glion.    This  ganglion  is  situated  within  the  orbit  of  the  eye,  on  ibe  I 
outer  aspect  of  the  optic  nerve.    It  communicates  by  slender  filar  ] 
ments  with  the  carotid  plexus,  which  forms  the  continuation  of  the  I 
sympathetic  system  from  below ;  and  receives  a  motor  root  from 
the  oculo-motorius  nerve,  and  a  sensitive  root  from  the  ophthalmic 
branch  of  the  fifth  pair.    Its  filaments  of  distribution,  known  as  the  ( 
''  ciliary  nerves,"  pass  forward  upon  the  eyeball,  pierce  the  scleirMi 
and  finally  terminate  in  the  iris. 

The  next  division  of  the  great  sympathetic  in  the  hend  b  tit  I 
spkeiW'palatine  ganglion,  situated  in  the  spheno-maxillary  foen.  If 
communicates,  like  the  preceding,  with  the  carotid  plexus,  ud  I 
receives  a  motor  root  from  the  facial  nerve,  and  a  sensitive  root  I 
from  the  superior  maxillary  branch  of  the  fifth  pain  Its  S\xaMA  \ 
are  distributed  to  the  levator  palati  and  azygos  uvulae  mnaclea,  t^ 
to  the  mucous  membrane  about  the  posterior  nares. 

The  third  sympathetic  ganglion  in  the  head  is  the  9ubms3aihr$» 
situated  upon  the  submaxillary  gland.    It  communieataa  with  tlie 
superior  cervical  ganglion  of  the  sympathetic  by  filaments  wiiKdi  I 
accompany  the  facial  and  external  carotid  arteriea.    It  deriw  M  \ 
sensitive  filaments  from  the  liDgual  branch  of  the  fifth  pair,  aod  its  ' 
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Qotor  filaments  from  the  facial  nerve,  bj  means  of  the  chorda 
^rapani.   Ita  branches  of  distribution  pass  to  the  sides  of  the  tongue 
ad  to  the  submaxillary  and  sublingual  glandg. 
The  last  sympathetic  ganglion  in  the  head  is  the  otic  ganglion^ 
It  is  situated  just  beneath  the 

base  of  the  skull,  on  the  inner  Fig*  167, 

tide  of  the  third  division  of 
ae  fifth  pair.  It  sends  fila- 
lents  of  communication  to 
the  carotid  plexus;  and  re- 
aivea  a  motor  root  from  the 
cial  nen^e,  and  a  sensitive 
3t  from  the  inferior  maxU- 
TV  division  of  the  fifth  pain 
branches  are  sent  to  the 
muscle  of  the  mal- 
leus in  the  middle  ear  (tensor 
^■^ympani),  and  to  the  mucous 
^Hiembrane  of  the  tympanum 
^Puid  Eustachian  tube. 
r  The  continuation  of  the 
sympathetic  nerve  in  the  neck 
consists  of  two  and  some- 
ties  three  ganglia,  the  su- 
ior»  middle,  and  inferior. 
fhea^  ganglia  coi^munieate 
tb  each  other^  and  also 
rith  the  anterior  branches 
)t(  the  cervical  spinal  nerves. 
aeir  filaments  follow  the 
>ur8e  of  the  carotid  artery 
its  branches,  covering 
.  with  a  network  of  inter- 
acing  fibres,  and  are  finally 
listributed  to  the  substance  of 
:ie  thyroid  gland,  and  to  the 
^Us  of  the  larynx,  trachea, 
^h^arynx,     and     oesophn;_^us. 

Jy  the  superior,  middle,  and  inferior  cardiac  nerves,  they  also  supply 
^rapathetic  fibres  to  the  cardiac  plexuses  and  to  the  substance  of 
lie  heart 
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In  tbe  chesty  the  ganglia  of  the  sympathetic  nerve  are  sitQjiAed  on 
each  side  the  spinal  column,  just  over  the  heads  of  the  ribs,  with 
which  they  accM)rdingly  correspond  in  number.  Their  communi- 
cations with  the  intercostal  nerves  are  double;  each  aympaliieuc 
ganglion  receiving  two  filaments  from  the  intercostal  aervo  next 
above  it.  The  filaments  originating  from  the  thoracic  ganglia  aie 
distributed  upon  the  thoracic  aorta,  and  to  the  lungs  and  cesopbagaa. 

In  the  abdomen,  tbe  continuation  of  the  symptithetio  system  con- 
sists   principally  of  the  aggregation  of  ganglionic  enlargement!  I 
situated  upon  the  cceliac  artery,  known  as  tbe  semilunar  or  ctgtke 
gamjUon,     From  this  ganglion  a  multitude  of  radiating  and  inosea^ 
lating  branches  are  sent  out,  which,  from  their  diverging  oourse  and 
their  common  origin  from  a  central  mass,  are  termed  the  "solar  I 
pie 3^ us/'     From  this,  other  diverging   plexuses   originaleiy  whidL 
accompany  the  abdominal  aorta  and  its  branches,  and  are  flii$in* 
buted  to  the  stomach,  small  and  large  intestine,  spleen^  paiiomt^  j 
liver,  kidneys,  supra-renal  capsules,  and  internal  organs  of  geoe* 
ration. 

Beside  the  above  ganglia  there  are  in  the  abdomen  four  otb«r  | 
pairs,  situated  in  front  of  the  lumbar  vertebrze,  and  haTing  simil 
connections  wnth  those  occupying  the  cavity  of  the  chest    Tkdr  j 
filaments  join  tbe  plexuses  radiating  from  tbe  semilunar  gangliQa. 

In  the  pelvis,  the  sympathetic  system  is  continued  by  four  or  fiw 
pairs  of  ganglia,  situated  on  the  anterior  aspect  of  the  sacrum,  and  ' 
terminatiog,  at  the  lower  extremity  of  the  spinal  column,  in  a  «i«gfe 
ganglion,  the  "ganglion  impar/'  which  is  prob:\bly  to  be  re^nlrf 
as  a  fusion  of  two  separate  ganglia. 

The  entire  sympathetic  series  is  in  this  way  composed  of  name* 
rous  small  ganglia  w^hich  are  connected  throughout,  first,  with  eicb 
other ;  secondly,  with  the  cerebro-spinal  system ;  and  thirdly^  **^  ] 
the  internal  viscera  of  the  bwly. 

The  properties  and  functions  of  the  great  sympathetic  have  beta  | 
less  successfully  studied  than  those  of  the  cerebro-spinal  stslfln, 
owing  to  the  anatomical  difficulties  in  the  way  of  reaclitng  and  I 
operating  upon  this  nerve  for  purposes  of  experiment   The  oewhro- 
spinal  axis  and  its  nerves  are  easily  exposed  and  subjoctod  to  eaunai*^ 
nation.    It  is  also  easy  to  isolate  particular  portions  of  this  systefl^  ] 
and  to  appreciate  the  disturbances  of  sensation  and  mottoQ  cousin 
queni  upon  local  lesions  or  irritations.     The  phenomena,  f^rtlw^ 
more,  which  result  from  experiments  upon  this  part  of  the  ©Cftoo*  j 
apparatus^  are  promptly  produced,  are  well-marked  in  cbarader,  j 
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ad  are,  as  a  general  rule,  readily  underdtood  by  the  experimenter. 
be  other  haud,  the  principal  part  of  the  syniixithetic  system  is 
in  the  interior  of  the  chest  and  abdomen ;  and  the  mere 
Deration  of  opening  these  cavities,  so  as  to  reach  the  ganglionic 
centres,  causes  such  a  disturbance  in  the  functions  of  vital  organs, 
and  such  a  shock  to  the  system  at  large,  that  the  results  of  these 
experiments  have  been  always  more  or  less  confused  and  unsatis- 
factory. Furthermore*  the  connections  of  the  sympathetic  ganglia 
with  each  other  and  with  the  cerebro-spinal  axis  are  s^:*  numerous 
and  so  scattered,  that  these  ganglia  cannot  be  completely  isolated 
without  resorting  to  an  operation  still  more  mutilating  and  injuri- 
ous in  its  character.  And  finally,  the  sensible  phenomena  which 
are  obtained  by  experimenting  on  the  great  sympathetic  are,  in 
the  majority  of  oases,  slow  in  making  their  appearance,  and  not 
irticularlj^  striking  or  characteristic  in  tlieir  nature. 
Notwithstanding  these  diiBculties,  however,  some  facts  have  been 
pertained  with  regard  to  this  part  of  the  nervous  system,  which 
Kve  us  a  certain  degree  of  insight  into  its  character  and  functions. 
The  great  sympathetic  is  endowed  both  with  sensibility  and  the 
>wer  of  exciting  motion;  but  these  properties  are  less  active 
ere  than  in  the  cerebro-spinal  system^  and  are  exercised  in  a  dif- 
ferent manner.  If  we  irritate,  for  example,  a  sensitive  nerve  in 
ae  of  the  extremities,  or  apply  the  galvanic  current  to  the  poste- 
root  of  a  spinal  nerve,  the  evidences  of  pain  or  of  reflex 
ction  are  acute  and  instantaneous.  There  is  no  appreciable  inter- 
nal between  the  application  of  tlie  stimulus  and  the  sensations 
rhich  result  from  it.  On  the  other  hand,  experimenters  who  have 
crated  upon  the  sympathetic  ganglia  and  nerves  of  the  chest  and 
iomen  find  that  evidences  of  sensibility  are  distinctly  manifested 
ere  also,  but  much  less  acutely,  and  only  after  somewhat  prolonged 
^plication  of  the  irritating  cause*  These  results  correspond  very 
3se1y  with  what  we  know  of  the  vital  properties  of  the  organs 
rhich  are  supplied  either  principally  or  exclusively  by  the  sym* 
a^thetic;  as  the  liver,  intestine,  kidneys,  ic.  These  organs  are 
[^sensible,  or  nearly  so,  to  ordinary  impressions.  We  are  not  con- 
^ious  of  the  changes  and  operations  going  on  in  them,  so  long  as 
bese  changes  and  operations  retain  their  normal  character.  But 
bey  are  still  capable  of  perceiving  unusual  or  excessive  irritations, 
dd  may  even  become  exceedingly  painful  when  in  a  state  of  in- 

ition. 
There  is  the  same  peculiar  character  in  the  action  of  the  tn 
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nerves  belonging  to  the  sympathetic  system.    If  tho  facial  or  hrpo- 
gloHsal,  or  the  anterior  root  of  a  spinal  nerve  be  irritated,  the  ooa- 
vulsivc  movement  which  follows  is  instantanoo\is>  violent,  and  only 
momentary  in  its  daratioti.    But  if  the  semilunar  ganglion  orita 
nerves  be  subjected  to  a  similar  experiment^  no  immediate  effect  ii 
produced     It  is  only  after  a  few  seconds  that  a  slow,  vermicMkr. 
progressive  contraction  takes  place  in  the  corresponding  part  of  the 
intestine^  which  continues  for  some  time  after  the  exciting  cao^ 
has  been  removed. 

Morbid  changes  taking  place  in  organs  supplied  by  the  symptr 
thetic  present  a  similar  peculiarity  in  the  mode  of  their  produ^^ 
tion.     If  the  body  be  exposed  to  cold  and  dampness,  for  eiLampIa 
congestion  of  the  kidneys  show*s  itself  perhaps  on  the  follow 
day.     Inflammation  of  any  of  the  internal  organs  is  very  rmrelj 
established  within  twelve  or  twenty-four  hours  after  the  applic 
of  the  exciting  cause.     The  internal  processes  of  nutrition, 
with  their  derangements,  which  are  regarded  as  especially  uu 
the  control  of  the  great  sympathetic,  always  require  a  loiij 

to  be  influenced  by  incidental  causes,  than  those  which  are  ru^ 

by  the  nerves  and  ganglia  of  the  cerebro-spinal  system. 

In  the  head,  the  sympathetic  has  a  close  and  important  can 
tion  with  the  exercise  of  the  special  senses.      This  is  illustrate 
more  particularly  in  the  case  of  the  eye,  by  its  influence  over  tbe 
alternate  expansion  and  contraction  of  the  pupiL     The  aphthaln 
ganglion  sends  off  a  number  of  ciliary  nerves,  which  are  distnbul< 
to  the  iris.     It  is  connected,  as  we  have  seen,  with  the  reniaiais 
sympathetic  ganglia  in  the  head,  and  receive  beside,  a  senaitit 
rout  from  the  ophthalmic  branch  of  the  fifth  pair,  and  a  motor : 
from  the  oculo-motorius.     The  reflex  action  by  which   tbe  pupil 
contracts  under  a  strong  light  falUng  upon  the  retina,  and  expamlll 
under  a  diminution  of  light,  takes  plac^  accordingly,  through  tbial 
ganglion.     The  impression  conveyed  by  the  optic  nerve  to 
tuberciila  quadrigcmina,  and  reflected  outward  by  the  fibres 
the  oculo-motorius,  is  not  transmitted  directly  by  the  last  n&iBfd 
nerve  to  the  iris ;  but  passes  first  to  the.  ophthalmic  ganglion,  aod 
is  thence  conveyed  to  its  destination  by  the  ciliary  nerves. 

The  reflex  movements  of  the  iris  exhibit  consequently  ai 
what  sluggish  character,  which  indicates  the  intervention  of  a  p«rt  . 
of  the  sympathetic  system.  The  changes  in  the  size  of  the  p«pfl  | 
do  not  take  place  instantaneously,  with  the  variation  in  the  aoaoall 
of  light,  but  always  require  an  appreciable  interval  of  linie^    If 
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fe  pass  suddenly  from  a  brilliantly  lighted  apartment  into  a  dark 

we  are  unable  to  distinguish  surrounding  objects  until  a 

^rtain  time  has  elapsed,  and  the  expansion  of  the  pupil  has  taken 

and  vision  even  continues  to  grow  more  and  more  distinct 

t»r  a  considerable  period  afterward,  as  the  expansion  of  the  pupil 

>mes  more  complete.     Again,  if  we  cover  the  eyes  of  another 

person  with  the  hand  or  a  folded  cloth,  and  then  suddenly  expo^ 

them  to  the  light,  we  shall  find  that  the  pupil,  which  is  at  first 

iilated,  contracts  somewhat  rapidly  to  a  certain  extent,  and  after- 

rard  continues  to  diminish  in  size  during  several  seconds,  until  the 

»per  equilibrium  is  fairly  established.     Furthermore,  if  we  pass 

iddenly  from  a  dark  room  into  the  bright  sunshine,  we  are  imme- 

ately  conscious  of  a  painful  sensation  in  the  eye,  ^vhich  lasts  for 

considerable  time ;  and  which  results  from  the  inability  of  the 

"pupil  to  contract  with  suiBcient  rapidity  to  shut  out  the  excessive 

^mount  of  light    All  such  exposures  should  be  made  gradually, 

that  the  movements  of  the  iris  may  keep  pace  w^ith  the  varying 

"quantity  of  stimulus,  and  so  protect  the  eye  from  injurious  impres- 


:>ns. 


The  reflex  movements  of  the  iris,  however,  though  accomplished 

rough  the   medium   of  the  ophthalmic   ganglion,  derive    their 

iginal  stimulus,  through  the  motor  root  of  this  ganglion,  from 

ae  oculo-motorius  nerve.     For  it  has  been  found  that  if  the  oculo- 

aotorius  nerve  be  divided  between  the  brain  and  the  eyeball,  the 

pupil   becomes  immediately  dilated,  and  will  no  longer  contract 

ider  the  influence  of  light.     The  motive  power  originally  derived 

jm  the  brain  is,  therefore,  In  the  case  of  the  iris^  modified  by 

dng  through  one  of  the  sympathetic  ganglia  before  it  reaches 

final  destination. 

An  extremely  interesting  fact  in  this  connection  is  the  following, 

)f  the  three  organs  of  special  sense  in  the  head,  viz.,  the  eye,  the 

and  the  ear,  each  one  is  provided  with  two  sets  of  muscles, 

iperficial  and  deep,  which  together  regulate  the  quantity  of  stirau- 

admitted  to  the  organ,  and  the  mode  in  which  it  is  received. 

be  superficial  set  of  these  muscles  is  animated  by  branches  of  the 

acial  nerve ;  the  deep-seated  or  internal  set,  by  filaments  from  a 

Fmpathetic  ganglion. 

Thus,  the  front  of  the  eyeball  is  protected  by  the  orbicularis  and 
3vattjr  palpebrte  superioris  muscles,  which  open  or  close  the  eye- 
tds  at  will,  and  allow  a  larger  or  smaller  quantity  of  light  to  reach 
the  cornea.    These  muscles  are  supplied  by  the  oculo-motorius  and 
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facial  nerves,  and  are  for  the  most  part  voluntary  in  ihdr  wjtm 
The  iris,  on  the  other  hand,  m  a  more  deepl7*seat^  muiculii 
curtain,  which  regulates  the  quantity  of  light  admitted  tfarough  di^ 
pnpiL  There  is  also  the  ciliary  ratrscle,  which  regulates  the  position 
of  the  crystalline  lens,  and  secures  a  correct  ftx^usiog  of  the  ligK 
at  different  distances.  Both  these  muscles  are  supplied,  as  we  have 
Been,  by  filaments  from  the  ophthalmic  ganglion,  and  tlieir  move* 
ments  are  involuntary  in  character. 

In  the  olfactory  apparatus,  the  anterior  or  superficial  set  of 
mnscles  are  the  compressors  and  elevators  of  the  ate  nasi  whi^ 
are  animated  by  filaments  of  the  facial  nerve.  By  their  action, 
odoriferous  vapors,  when  faint  and  delicate  in  their  character,  are 
snufted  up  and  directed  into  the  upper  part  of  the  nasal  possigeev 
where  they  come  in  contact  with  the  most  sensitive  portions  of  Use 
olfactory  membrane ;  or,  if  too  pungent  or  disagreeable  in  flavor, 
are  excluded  from  entrance.  These  muscles  are  not  vcrj'  im- 
portant or  active  in  the  human  subject;  but  in  many  of  the  low?r 
animals  with  a  more  active  and  powerful  sense  of  smell,  aa  for 
example,  the  caniivora,  they  may  be  seen  to  play  a  very  importaat 
part  in  the  mechanism  of  olfaction.  Furthermore,  the  levatora  and 
depressors  of  the  velum  palati,  which  are  more  deeply  sitoat^ 
serve  to  open  or  close  the  orifice  of  the  posterior  nares^  and  aooom* 
plish  a  similar  office  with  the  muscles  already  named  in  front,  The 
levator  palati  and  azygos  uvul©  muscles,  which,  by  their  adioc^ 
tend  to  close  the  posterior  nares,  are  supplied  by  filaments  from  lie 
spheno-palatine  ganglion,  and  are  involuntary  in  their  character* 

The  ear  has  two  similar  sets  of  muscles^  similarly  supplied^  Tie 
first»  or  superficial  set,  are  those  mo\nng  the  external  ear»  viz..  ihe 
anterior,  superior,  and  posterior  auricuiares.  Like  the  muscles  irf 
the  anterior  nares,  they  are  comparatively  inactive  in  ma%  ha%  in 
many  of  the  lower  animals  are  well  developed  and  important  In 
the  horse,  the  deer,  the  sheep,  &c.,  they  turn  the  ear  in  rarkxii 
directions  so  as  to  catch  more  distinctly  faint  and  distant  souncb^or 
to  exclude  those  which  arc  harsh  and  disagreeable.  These  mofidei  j 
are  supplied  by  filaments  of  the  facial  nerve,  and  are  volimtairy  ia  ] 
their  action* 

The  deep-seated  set  are  the  muscles  of  the  middle  ear.    In  oder 
to  understand  their  action,  we  must  recollect  that  sounds  are  mat- 
raitted  from  the  external  to  the  middle  ear  though  the  mcmbftoo  j 
of  the  tympanum,  which  vibrates,  like  the  head  of  a  druia,  Oft] 
receiving  sonorous  impulses  from  without. 
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The  membrane  of  the  tympanum,  accordingly,  which  is  an  elastio 
tieet>  stretched  across  the  passage  to  the  iatemal  ear,  may  be  made 
aore  or  less  sensitive  to  sonorous  impressions  by  varying  its  con- 
lition  of  tension  or  relaxation.  Tlii:^  condition  is  regulated,  as  we 
ive  already  seen,  by  the  cojnbined  action  of  the  two  muscles  of 
lie  middle  ear,  viz.,  the  tensor  tyrapani  and  the  stapedius.  The 
irst  named  muscle,  the  action  of  which  is  perfectly  well  understood, 
supplied  with  nervous  filaments  from  the  otic  gangUon  of  the 
gj'mpathetic  By  its  contraction^  the  handle  of  the  malleus  is  drawn 
inward,  bringing  the  membrana  tympani  with  it,  and  putting  this 
membrane  upon  the  stretch.  On  the  relaxation  of  the  muscle,  the 
chain  of  bones  returns  to  its  ordinary  position,  by  the  elasticity  of 
the  neighboring  parts,  and  the  previous  condition  of  the  tympanic 
membrane  is  restored.  This  action,  so  far  as  we  can  judge,  is  purely 
involuntary.  But  the  stapedius  muscle  is  separately  supplied  by  a 
minute  branch  of  the  facial  nerve.  It  is  probable  that  this  arrange- 
ment enables  us  to  make  also  a  certain  degree  of  voluntary  exer- 
tion, in  Ustening  intently  for  faint  or  distant  sounds. 

In  all  these  instances,  the  reflex  action  taking  place  in  the 
deeper  seated  muscles,  originates  from  a  sensation  which  is  con- 
veyed inward  to  the  cerebro-spinal  centres,  and  is  then  transmitted 
outward  to  its  final  destination  through  the  medium  of  one  of  the 
sympathetic  ganglia. 

Another  very  important  fact  concerning  the  sympathetic  is  that 
of  its  influence  over  the  vascularity  and  nutrition  of  the  parts  sup- 
plied by  it.  In  the  first  place,  the  division  of  the  sympathetic  pro- 
duces immediately  a  vascular  congeMion  in  the  conre^onding  parts. 
If  the  sympathetic  be  divided,  in  the  rabbit,  in  the  middle  of  the 
neck,  a  vascular  congestion  of  all  parts  of  the  head,  on  the  corre* 
gponding  side,  immediately  follows.  This  congestion  is  most  dis- 
tinctly evident  in  the  thin  and  transparent  ears ;  and  within  a  few 
minutes  after  the  operation,  the  difference  in  their  appearance  on 
the  two  sides  is  strongly  pronounced.  All  the  vessels  of  the  ear 
on  the  aftected  side  become  turgid  with  blood ;  and  many  which 
were  before  imperceptible,  become  distinctly  visible.  This  effect 
of  the  division  of  the  sympathetic,  which  was  first  pointed  out  by 
Bernard,  we  have  often  verified.  It  lasts  for  a  considerable  time; 
and  we  have  even  seen  it  very  distinct  at  the  end  of  three  weeks. 
The  dilatation  of  the  vessels  is  accompanied  by  an  increased  rapidity 
of  the  circulation  and  consequently  by  the  passage  of  a  larger  quan* 
lity  of  blood  through  the  vascular  tissues. 
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Bernard  has  found  that  when  vascular  congestion  and  vocxem 
of  the  circulation  have  been  produced  in  this  way  bj  division  ot 
the  sympathetic,  if  the  divided  extremity  of  the  nerve  be  irritnie^l 
by  galvanism,  the  above  effects  at  once  disappear.  The  blood-vessels 
are  diminished  in  size,  and  the  quantity  of  blood  flowing  through 
the  part  is  reduced  to  its  natural  standard.     It  is  also  found  that 
while  the  ear  remains  congested  and  the  circulation  is  in  a  state 
of  unnatural  activity  the  venous  blood  returning  from  the  part  has 
a  ruddy  hue,  similar  to  that  of  arterial  blood ;  but  when  the  vaaco- 
larity  is  reduced  by  stimulating  the  sympathetic,  and  the  circnktici& 
has  become  less  rapid,  the  venous  blood  resumes  its  natural  dark 
color. 

Division  of  the  sympathetic  nerve,  accordingly,  produces  a  i 
tation  of  the  vessels  and  consequent  increased  rapidity  of  the  ciJtu 
lation,  and  causes  the  bl<x»d  to  retain  its  red  color  even  in  the  veiof;! 
while  galvanization  of  the  same  nerve  produces  contraction  of  tif 
vessels,  diminishes  the  quantity  of  the  circulating  fluid,  and  cau 
the  change  in  color  of  the  blood,  from  arterial  to  venous. 

The  same  thing  takes  place  in  the  glandular  organs.  If  the  sub-l 
maxillary  or  parotid  gland  be  exposed  in  the  living  animal,'  i 
long  as  the  gland  is  in  its  ordinary  condition  it  will  be  seen  thai  thai 
blood  passing  through  it  is  converted  from  arterial  to  venous^ aoJl 
returns  dark  colored  by  the  veins.  But  if  the  filament  of  the  sym- 
pathetic nerve  which  accompanies  the  external  carotid  arteij  bH 
divided,  the  quantity'  of  blood  flowing  through  the  gland  is  at  OflCfl 
increased,  and  at  the  same  time  appears  of  a  red  color  in  the  veins.  ] 
The  same  changes  occur  when  the  gland  is  excited  to  secretioa  bj  | 
stimulating  the  organs  of  taste. 

An  antagouisiu  appears  to  exist,  in  the  regulation  of  the  oiren!ik| 
tion  in  the  vascular  organs^  between  the  sjrmpathetic  nerve  and  the] 
motor  filaments  derived  from  the  cerebro-spinal  system.    For  if  the  I 
branch  of  the  chorda  tympani  which  penetrates  the  submaxilUlt  | 
gland  be  galvanized,  it  produces  an  excitement  of  the  glaia4ulif 
secretion,*  increased  activity  of  the  circulation,  and  a  red  color  of 
the  blood  in  the  veins*    The  division  of  this  nerve  is  follovred  hji 
contrary  result.     The  effects  produced,  therefore,  by  gal vanixitkl  ( 
of  the  chorda  tympani  are  those  produced  by  division  of  the  fyn^  I 
pathetic;  and  the  effects  produced  by  galvanizing  the  sympatbetk 
are  those  which  follow  division  of  the  chorda  tympani. 


1  Bernard.     Le90QS  tor  les  Liqutdei  d  e*r  Organ  ism  e.     P«ri%  18S0«  ?  ^»  L  y^  tMi  \ 
et  aeq.  ^  Bernard.     Op.  oit.t  vuL  1.  p*  ^V2, 
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The  vascularity  of  the  parts,  accordingly,  as  well  as  the  functional 
activity  of  the  vascular  organs,  are  under  the  control  of  the  nervous 
system.  The  filaments  of  the  sympathetic  nerve,  as  we  have  seen, 
tocompany  everywhere  the  bloodvessels,  enveloping  the  arterial 
branches  with  an  abundant  plexus,  and  following  them  to  their 
minutest  ramifications.  These  sympathetic  fibres  appear  to  act  by 
causing  a  contraction  in  the  organic  muscular  fibres  of  the  small 
arteries,  and  thus  to  regulate  the  resistance  of  these  vessels,  and  the 
passage  of  the  blood  through  them.  When  the  sympathetic  nerve  is 
excited,  the  vessels  are  contracted,  the  blood  passes  through  them 
bat  slowly,  and  is  fully  converted,  during  its  passage,  into  venous 
blood.  When  the  influence  of  this  nerve  is  diminished  or  sus- 
pended, the  vessels  are  dilated,  the  circulation  is  increased,  and  the 
blood,  passing  through  the  vessels  w^ith  greater  rapidity,  does  not 
soSkr  the  nutritive  changes  which  result  in  the  alteration  of  its  color 
from  arterial  to  venous. 

The  vascular  congestion  produced  by  division  of  the  sympathetic 
nerve  is  also  accompanied  by  an  elevation  of  temperature  in  the 
aflfeeted  part.  This  elevation  of  temperature  is  very  perceptible  to 
the  touch,  and  may  also  be  measured  by  the  thermometer.  Ber- 
nard has  found '  the  increase  of  heat  on  the  affected  side  to  reach  8** 
or  9**  F.  Like  the  vascular  congestion,  it  sometimes  lasts  for  a  long 
period,  especially  when  a  considerable  portion  of  the  nerve  has  been 
cut  out,  or  the  superior  cervical  ganglion  extirpated,  Bernard  has 
seen  it  continue,  under  these  circumstances,  in  the  dog  for  two 
months,  and  even,  in  one  instance,  for  a  year  and  a  half. 

These  appearances  are  consequent  on  the  unnatural  vascularity 
of  the  parts,  and  appear  to  be  the  eflfect  of  a  simple  congestion. 
They  do  not  produce  any  of  the  results  of  inflammation,  properly 
speaking,  and  neither  oedema,  exudation,  sloughing  or  ulceration 
follow  the  operation,  unless  in  unhealthy  or  enfeebled  animals. 
The  increased  heat  of  the  part  is  apparently  due  to  the  increased 
quantity  of  blood  passing  through  its  vessels;  since  the  blood, 
coming  from  the  interior  and  warmer  parts  of  the  body,  supplies 
the  ear  with  more  caloric,  in  proportion  to  the  abundance  and 
rapidity  with  which  it  traverses  the  vascular  tissues. 

Division  of  the  sympathetic  nerve  in  the  middle  of  the  neck 
has  also  a  very  singular  and  instantaneous  effect  on  the  muscular 
apparatus  of  the  eye.    Within  a  very  few  seconds  after  the  above 

(  Beohereliet  Escp^HmeDUlei  atir  le  Grftnd  SjmpALbique,     Paris,  1SM< 
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Cat,  Altai  leciloB  of  the  ligbt  tfiapflth^ilc. 


Operation  has  been  performed  upon  the  cat,  the  pupil  of  the  cor- 
responding eye  becomes  strongly  contracted,  and  remainB  in  tliat 
condition.    At  the  same  time  the  third  eyelid,  or  "  nictitating  roein* 

brane,"  with  which  these  animak 
Fig,  168.  are  provided,  is  drawn  partially 

over  the  cornea,  and  the  upper 
and  lower  eyelids  also  approxi- 
mate very  considerably  to  euh 
other;  so  that  all  the  aperture* 
guarding  the  eyeball  are  very 
perceptibly  narrowed,  and  thetx- 
pression  of  the  face  on  that  sidcil! 
altered  in  a  corresponding  degrw. 
This  effect  upon  the  pupil  Tm 
been  explained  by  snpposmg  tbtf 
circular  fibres  of  the  iris,  or  tie 
constrictors  of  the  pupil,  to  be 
animated  exclusively  by  nervous  filaments  derived  from  the  ocqIo 
motorius ;  and  the  radiating  fibres,  or  the  dilatory  to  be  snpplid! 
by  the  sympathetic.  Accordingly,  while  division  of  the  oculo 
motorius  would  produce  dilatation  of  the  pupil,  by  paralysis  of 
the  circular  fibres  only,  division  of  the  sympathetic  would  bt 
followed  by  exclusive  paralysis  of  the  dilators,  and  a  permanent 
contraction  of  the  pupil  would  consequently  take  place.  The 
above  explanation^  however,  is  not  a  satisfactory  one  j  since,  ia 
the  first  place,  division  of  the  oculo-motorius,  as  the  experiments  of 
Bernard  liave  shown,'  does  not  by  itself  produce  complete  dilata- 
tion of  the  pupil ;  and,  secondly,  after  division  of  the  sympalbetip 
nerve  in  the  cat,  as  we  have  already  shown,  not 'only  is  the  pnp2 
contracted,  but  both  the  upper  and  lower  eyelids  and  the  nictit&txag 
membrane  are  also  partially  drawn  over  the  cornea,  and  assist  h 
excluding  the  light  The  last-named  effect  cannot  be  owing  to ivr 
direct  paralysis,  from  division  of  the  fibres  of  the  sympathetic,  ft 
is  more  probable  that  the  section  of  this  nerve  operates  simply  bj" 
exaggerating  for  a  time  the  sensibility  of  the  retina,  owing  » 
the  vascular  congestion  of  the  parts;  and  that  the  partial  closOT 
of  the  eyelids  and  pupil  is  a  secondary  consequtmce  of  thl 
condition. 

^  Le(;ons  Bur  la  PbyBiologle  el  la  Palhologie  da  Sjrsttoe  K^rrtux,  PmHi.  1^^ 
vol.  U-  p.  203. 
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The  influence  of  the  83^mpathetic  nerve  and  the  conseqtiencea 
of  its  division  upon  the  thoracic  and  abdominal  viscera  have  been 
only  very  imperfectly  investigated  by  experimental  methods^  It 
undoubtedly  serves  as  a  medium  of  reflex  action  between  the  sensi- 
tive and  motor  portions  of  the  digestive,  excretory,  and  generative 
apparatuses ;  and  it  is  certain  that  it  also  takes  part  in  reflex  actions 
in  which  the  cerebro-spinal  system  is  at  the  same  time  interested. 
There  are  accordingly  three  difTerent  kinds  of  reflex  action,  taking 
place  wholly  or  partially  tbrougli  the  sympathetic  system^  which 
mny  be  observed  to  occur  in  the  living  body. 

1st.  Reflex  actions  taking  place  from  the  internal  organs^  throinjh 
the  sympathHic  and  Cf^rebrO'Sjnnal  st/stems,  Co  tfie  voluntary  mmchrs  and 
sensitive  surfaces, — The  convulsions  of  young  children  are  often 
owing  to  the  irritation  of  undigested  food  in  the  intestinal  canal. 
Attacks  of  indigestion  are  also  know^n  to  produce  temporary  amau- 
J'osis^  double  vision,  strabismus,  and  even  hemiplegia.  Nausea,  and 
^  diminished  or  capricious  appetite,  arc  often  prominent  symptoms 
<^f  early  pregnancy,  induced  by  the  peculiar  condition  of  the  uterine 
lOucous  membrane. 

2d,  Jif'flex  actions  taking  place  from  the  sensitive  surfaces,  through 
^♦e  cerehro-spinal  ami  sympathetic  systems,  to  the  involuntary  niusck^ 
^^ul  eecretiiig  organs, — Imprudent  exposure  of  the  integument  to 
Cold  and  wet,  will  often  bring  on  a  diarrhcea.  Mental  and  moral 
^ttipressions,  conveyed  through  the  special  senses,  will  aftect  the 
*^otions  of  the  heart,  and  disturb  the  processes  of  digestion  and 
^Wretion.  Terror,  or  an  absorbing  interest  of  any  kind,  will  pro- 
duce a  dilatation  of  the  pupil,  and  communicate  in  this  w\iy  a  pecu- 
y^irty  wild  and  unusual  expression  to  the  eye.  Disagreeable  sights 
^r  odors,  or  even  unpleasant  occurrences,  are  capable  of  hastening 
^^  arresting  the  menstrual  discharge,  or  of  inducing  premature 
^ielivery. 

3d*  Reflex  actions  taking  place  tfirough  the  sympathetic  system  from 
*^ne  pari  of  the  internal  organs  to  another, — The  contact  of  food  with 
^*ie  mucous  membrane  of  the  small  intestine  excites  a  peristaltic 
Movement  in  the  muscular  coat.  The  mutual  action  of  the  diges- 
^v^,  urinary  and  internal  generative  organs  upon  each  other  takes 
place  through  the  medium  of  the  sympathetic  ganglia  and  their 
^^i^es.  The  variations  of  the  capillary  circulation  in  diflcrent 
^o^ominal  viscera,  corresponding  with  the  state  of  activity  or  re- 
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pose  of  their  associated  organs,  are  to  be  referred  to  a  similar  nenr- 
ous  influence.     These  phenomena  are  not  acdonpanied  hy  any     ^^ 
consciousness  on  the  part  of  the  individual,  nor  by  any  apparen^p^^ 
intervention  of  the  cerebro-spinal  systenu  ^ 
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SECTION  III, 
REPKODUCTION. 


CHAPTER    I. 

THE  NATURE  OF   REPRODUCTION.   AND  THE 
ORIGIN   OF   PLANTS   AND  ANIMALS. 

^  process  of  reproduction  is  the  most  characteristic,  and  in 
respects  the  most  interesting,  of  all  the  phenomena  presented 
ganized  bodies.  It  includes  the  whole  history  of  the  changes 
k  place  in  the  organs  and  fonctions  of  the  individual  at  suc- 
p  periods  of  life,  as  well  as  the  production,  growth,  and  de- 
^ent  of  the  new  germs  which  make  their  appearance  hy 
^tion. 

t  all  organissed  bodies  pass  through  certain  well-defined  epochs 
{bsea  of  development,  by  which  their  structure  and  functions 
jgo  successive  alterations.  We  have  already  seen  that  the 
j  animal  or  plant  is  distinguished  from  inanimate  substances 
^  incessant  changes  of  nutrition  and  growth  which  take  place 
^issues*  The  muscles  and  the  mucous  membranes,  the  osse- 
|id  cartilaginous  tissues,  the  secreting  and  circulatory  organs, 
feesaantly  absorb  oxygen  and  nutritious  material  from  with- 
id  assimilate  their  molecules;  while  new  substances,  produced 
itrogressive  alteration  and  decomposition,  are  at  the  same 
;creted  and  dischargee!.  These  nutritive  chaoges  correspond 
idity  with  the  activity  of  the  other  vital  phenomena;  since 
nction  of  these  phenomena,  and  the  very  existence  of  the 
functions,  depend  upon  the  regular  and  normal  continuance 
I  natritive  process.  Thus  the  organs  and  tissues,  which  are 
the  Beat  of  this  double  change  of  renovation  and  decay, 
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reta'iQ  nevertheless  their  original  coDstitution,  and  contiiiue  to  I 
capable  of  exhibiting  the  vital  pheaomena. 

The  above  changes,  however^  are  not  in  reality  th^^  '^•^'•^  m^ 

J  which  take  place.  For  although  the  structure  of  the  1  .1  the 
compositiou  of  its  constituent  parts  appear  to  he  maintained  m  aa 
unaltered  oonditioUi  by  the  nutritive  process,  from  one  moment  to 

^  another,  or  from  day  to  day,  yet  a  comparative  examination  of 
them  at  greater  intervals  of  time  will  show  that  this  is  not 

^cisely  the  case ;  but  that  the  changes  of  nutrition  are,  in  point  i 

[iact,  progressive  as  well  as  momentary.    The  composition  and  i 

Iperties  of  the  skeleton,  for  example,  are  not  the  same  at  the  Ago  i 

|.twenty*five  that  they  were  at  fifteen.    At  the  later  period  it  < 
iiins  more  calcareous  and  less  organic  matter  than  before ;  and  iti 

^folidity  is  accordingly  increased,  while  its  elasticity  is  diminish 
Even  the  anatomy  of  the  bones  alters  in  an  equally  gradaal  manner j 
the  medullary  cavities  enlarging  with  the  progress  of  growth,  t 

Uhe  cancellated  tissue  becoming  more  open  and  spongy  in  texla 
Te  have  already  noticed  the  difference  in  the  quantity  of  oxygen 

'  and  carbonic  acid  inspired  and  exhaled  at  difierent  ages.  lU 
muscles,  also,  if  examined  after  the  lapse  of  soma  years,  are  fofssd 
to  be  leas  irritable  than  formerly,  owing  to  a  slow,  but  ste^j  lod 
permanent  deviation  in  their  intimate  constitution. 

The  vital  properties  of  the  organs,  therefore,  change  with  their 

•  varying  structore;  and  a  time  comes  at  last  when  they  are  per- 
ceptibly  less  capable  of  performing  their  original  functicms  thaa 
Ijefore.     This  alteration,  being  dependent  on  the  varying  acti vL!t 

^of  the  nutritive  process,  continues  necessarily  to  increase.  The  %t>  r 
exercise  of  the  vital  powers  is  inseparably  connected  with  the  sab- 
sequent  alteration  of  the  organs  employed  in  them ;  and  the  fac- 
tions of  life,  therefore,  instead  of  remaining  indefinilely  the  Blia^ 
pass  through  a  series  of  successive  changes,  which  finally  teroufiiie 
in  their  complete  cessation. 

The  history  of  a  livnng  animal  or  plant  is,  therefore,  a  historf  d 
successive  epochs  or  phases  of  existence,  in  each  of  which  the  fllna^ 
ture  and  functions  of  the  body  difier  more  or  less  froDi  tliosB  in 
every  other.  Every  living  being  has  a  definite  term  of  life,  ihioogii 
which  it  passes  by  the  operation  of  an  invariable  law,  and  wUd^ 
at  some  regularly  appointed  time,  comes  to  an  end,  Vb^  fbOi 
germinates,  grows,  blossoms,  bears  fruit,  withers,  and  decaya.  Tbo 
animal  is  born,  nourished^  and  brought  to  maturity,  after  whidi » 
retrogrades  and  dies.     The  very  commencement  of  exisleooi^kf 
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leading  througli  its  successive  intermedinte  stages,  conducts  at  last 
neoessarilj  to  its  own  terminatioti. 

But  whiJe  individual  organisms  are  thus  constantly  perishing  and 
appearing  from  tbe  stage,  tlie  particular  kind,  or  species,  remains 
existence,  apparently  without  any  important  change  in  the  cha- 
er  or  appearance  of  the  organised  forms  belonging  to  it.  The 
be  and  the  ox,  the  oak  and  the  pine,  the  different  kinds  of  wild 
and  domesticated  animals,  even  the  different  races  of  man  himselij 
have  remained  witliout  any  essential  alteration  ever  since  the  earliest 
storical  epochs.  Yet  during  this  period  innumerable  individuals^ 
iging  to  each  species  or  race,  must  have  lived  through  their 
iral  term  and  successively  passed  out  of  existence.  A  species 
\y  therefore  be  regarded  as  a  type  or  class  of  organized  beings,  in 
[ich  the  particular  forms  or  structures  composing  it  die  off  con- 
'itantly  and  disappear,  but  which  nevertheless  repeats  itself  from 
year  to  year,  and  maintains  its  ranks  constantly  full  by  the  regular 
accession  of  new  individuals.  This  process,  by  which  new  organ- 
isma  make  their  appearance,  to  take  the  place  of  those  which  ate 
destroyed,  is  known  as  the  process  of  rtproductwn  or  generation.  Let 
,  now  see  in  what  manner  it  is  accomplished. 
It  has  always  been  known  that,  as  a  general  rule  in  the  prdbess 
'  generation,  the  young  animals  or  plants  are  produced  directly 
the  bodies  of  the  elder.  The  relation  between  the  two  is  that 
^parents  and  progeny;  and  the  new  organisms,  thus  generated, 
jrae  in  turn  the  parents  of  others  which  succeed  them.  For  this 
3n»  %vherever  such  plants  or  animals  exist,  they  indicate  the 
previous  existence  of  others  belonging  to  the  same  species ;  and  if 
by  any  accident  the  whole  species  should  be  destroyed  in  any  par- 
MMilsr  locality,  no  new  individuals  could  be  produced  there,  uuless 
P^  Hie  previous  importation  of  others  of  the  same  kind. 

The  commonest  observation  shows  this  to  be  true  in  regard  to 
1  animals  and  plants  with  whose  history  we  are  most  familiarly 
|«jaoted.   An  opinion,  however,  has  sometimes  been  maintained 
;  there  are  exceptions  to  this  rule ;  and  that  living  beings  mayi 
ier certain  circumstances, be  produced  from  inanimate  substancea^ 
Ibont  any  similar  plants  or  animals   having   precede<i   them; 
anting,  accordingly,  the  singular  phenomenon  of  a  progeny 
thout  parents.     Such  a  production  of  organized  bodies  is  known 
by  the  name  of  sponianeoti^  generation.   It  is  believed  by  the  majority 
siologists  at  the  present  day  that  no  such  spontaneous  gen- 
ever  takes  place;  but  that  plants  and  animals  are  always 
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derived,  by  direct  reproduction,  from  previously  exiala]^ 
of  the  same  species.  As  this,  however,  is  a  question  of  some  ia- 
portance,  and  one  which  has  been  frequently  discussed  in  works  ott 
physiology,  we  shall  proceed  to  pass  in  review  the  facts  whidi  htvis 
been  adduced  in  favor  of  the  occurrence  of  spontaneous  geoentioQ, 
aa  well  as  those  which  would  lead  to  its  disproval  and  rgedtoiL 

It  is  e video tp  in  the  first  place,  that  many  apparent  instanoM  of 
spontaneous  generation  are  found  to  be  of  a  very  differ^il  chanctir 
as  soon  aa  they  are  subjected  to  a  critical  examination.  Thus  gitas- 
hoppers  and  beetles,  earthworms  and  craj^ah.  the  swarms  of  miiiiiis 
insects  that  fill  the  air  over  the  surface  of  stagnant  pools^  and  eno 
frogs,  moles,  and  lizards,  have  been  supposed  in  former  times  to  be 
generated  directly  from  the  earth  or  the  atmosphere;  and  ilVM 
only  by  investigating  carefully  the  natural  history  of  these  anim^ 
that  they  were  ascertained  to  be  produced  in  the  ordinary  maaner 
by  generation  from  parents,  and  were  found  to  continue  the  repn^ 
duction  of  their  species  in  the  same  way.  A  still  more  strikiof 
instance  is  furnished  by  the  production  of  maggots  in  putrefyii^ 
meat,  vegetables,  flour  paste,  fermenting  dung,  &c.  If  a  pieo^  rf 
meat  be  exposed,  for  example,  and  allowed  to  undergo  the  prooM 
of  putrefaction,  at  the  end  of  a  few  days  it  will  be  found  to  oonlufi 
a  multitude  of  living  maggots  which  feed  upon  the  deoampooBf 
flesh.  Now  these  maggots  are  always  prod«ce<l  under  the  Wffls 
conditions  of  warmth,  moisture  and  exposure,  and  at  the  same  ift^ 
of  the  putrefactive  process.  They  are  never  to  bo  found  in  frdi 
meat,  nor,  in  fact,  in  any  other  situation  than  the  one  just  in 
They  appear,  consequently,  without  any  similar  individuai^. 
existed  in  the  same  locality ;  and  considering  the  regularity  oft 
appearance  under  the  given  conditions,  and  their  absence  clsewb 
it  has  been  believed  that  they  were  spontaneously  generated,  itmh 
the  influence  of  warmth,  moisture,  and  the  atmosphere,  fham  fc 
decaying  organic  substances. 

A  little  examination,  however,  discovers  a  very  simple 
of  the  foregoing  difficulty*     On  watching  the  exposed  a£ 
vegetable  substances  during  the  earlier  periods  of  their 
sition,  it  is  found  that  certain  species  of  flies,  attracted  by  tht  \ 
of  the  decaying  material,  hover  round  it  and  deposit  their 
upon  its  surface  or  in  its  interior.     These  eggs,  batclied  by 
r warmth  to  which  they  are  exposed,  produce  the  maggots;  wh 
^are  simply  the  young  of  the  winged  insects,  and  which  after  a  1 
become  transformed,  by  the  natural  progress  of  developmefil  i 
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perfect  insects  similar  to  their  parents.  The  difficulty  of  acoouDt- 
iug  for  the  presence  of  the  maggots  bj  generation,  therefore,  de- 
pended simpler  on  the  dijBference  in  appearance  between  them  and 
their  parents.  This  difference,  however,  i^^  merely  a  temporary  one, 
ix^rresponding  with  the  difference  in  age,  and  disappears  when  the 
development  of  the  animal  is  complete;  just  as  the  young  chicken, 
when  recently  hatched,  has  a  different  form  and  plumage  from  those 
which  it  pre^nts  in  the  adult  condition. 

Nearly  all  the  causes  of  error,  in  fact,  which  have  suggested  at 
^various  times  the  doctrine  of  spontaneous  generation,  have  been 
^Bj^rived  from  these  two  sources.    First,  the  ready  transportation 
^f  eggs  or  germs,  and  their  rapid  hatching  under  favorable  cir- 
oomstances ;  and  secondly,  the  different  appearances  presented  by 
Ihe  same  animal  at  different  agea,  in  consequence  of  which  the 
youthful  animal  may  be  mistaken,  by  an  ignorant  observer,  for  a 
different  species.     These  sources  of  error  are,  however,  so  readilj 
detected,  as  a  general  rule,  by  scientifio  investigation,  that  it  is 
hardly  necessary  to  point  out  the  particular  instances  in  which  they 
exist.     In  fact,  whenever  a  rare  or  comparatively  unknown  animal 
or  plant  has  been  at  any  time  supposed  to  be  produced  by  sponta- 
neooB  generation,  it  has  only  been  necessary,  for  the  most  part,  to 
^|¥6stigate  thoroughly  its  habits  and  functions,  to  discover  its  secret 
^^elhods  of  propagation,  and  to  show  that  they  correspond,  in  all 
iesseatial  particulars,  with  the  ordinary  laws  of  reproduction.    The 
litaits,  therefore,  within  which  the  doctrine  of  spontaneous  genera- 
titm  can  be  applied,  have  been  narrowed  in  precisely  the  same 
degree  that  the  study  of  natural  history  and  comparative  physiology 
has  advanced.     At  present,  indeed,  there  remain  but  two  classes 
of  phenomena  which  are  ever  suppo^  to  lend  any  support  to  the 
above  doctrine;  viz.,  the  existence  and  production,  1st,  of  infuso- 
rial animalculesi,  and  2d,  of  animal  and  vegetable  parasites.     We 
shall  now  proceed  to  examine  these  two  parts  of  the  subject  in 
BQCcefision. 

IXFUSOBIAL  Animalcules. — If  water,  holding  in  solution  or. 
ganic  substances,  be  exposed  to  the  contact  of  the  atmosphere  at 
ordinary  temperatures,  it  is  found  after  a  short  time  to  be  filled 
with  swarms  of  minute  living  organisms,  which  are  visible  only  by 
the  microscope.  The  forms  of  these  microscopic  animalcules  are 
exceedingly  varied ;  owing  either  to  the  great  number  of  species 
IB  existence^  or  to  their  rapid  alteration  during  the  successive  pe- 
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Bernard  has  found  that  when  vascular  congestion  and  increafe 
of  the  circulation  have  heen  produced  in  this  way  by  diviaon  of 
the  sympathetic,  if  the  divided  extremity  of  the  nerve  be  irrital 
by  galvanism,  the  above  effects  at  once  disappear.  The  blood- veasels 
are  diminished  in  size,  and  the  quantity  of  blood  flowing  throiigh 
the  part  is  reduced  to  its  natural  standardt    It  is  also  found 
while  the  e^r  remains  congested  and  the  circulation  is  in  a  sUl 
of  unnatural  activity,  the  venous  blood  returning  from  the  part 
a  ruddy  hue,  similar  to  that  of  arterial  blood ;  but  when  the  TMcn< 
larity  is  reduced  by  stimulating  the  sympathetic,  and  the  circulation 
has  become  less  rapid,  the  venous  blood  resumes  its  natural 
color. 

Division  of  the  sympathetic  nerve,  accordingly,  produces  a 
tatiou  of  the  vessels  and  consequent  increased  rapidity  of  the  circi 
lation,  and  causes  the  blood  to  retain  its  red  color  even  in  the  veiMjj 
while  galvanization  of  the  same  nerve  produces  contraction  of 
vessels,  diminishes  the  quantity  of  the  circulating  fluid,  and  cai 
the  change  in  color  of  the  blood,  from  arterial  to  venoua. 

The  same  thing  takes  place  in  the  glandular  organs*     If  the  §ut 
maxillary  or  parotid  gland  be  exposed  in  the  living  animaL* 
long  as  the  gland  is  in  its  ordinary  condition  it  will  be  seen  thai 
blood  passing  through  it  is  converted  from  arterial  to  venous, 
returns  dark  colorc<l  by  the  veins.     But  if  the  filament  of  the  s' 
pathetic  nerve  which  accompanies  the  external  carotid  artery 
divided,  the  quantity  of  blood  flowing  through  the  gland  is  at  ooc* 
iucreasedi  and  at  the  same  time  appears  of  a  red  color  in  the  veil 
The  same  changes  occur  when  the  gland  is  excited  to  sccretiois  b; 
stimulating  the  organs  of  taste. 

An  antagonism  appears  to  exist,  in  the  regulation  of  the  circuli- 
tion  in  the  vascular  organs,  between  the  sympathetic  nerve  and 
motor  filaments  derived  from  the  cerebro-spinal  system.  For  if  tbi 
branch  of  the  chorda  tympani  which  penetrates  the  gubmaxOhkir 
gland  be  galvanized,  it  produces  an  excitement  of  the  glaiida^' 
secretion,*  increased  activity  of  the  circulation,  and  a  red  color  '^ 
the  blood  in  the  veins.  The  division  of  this  nerve  is  followed  hj  i 
contrary  result.  The  effects  produced,  therefore,  by  galvanizAii'  a 
of  the  chorda  tympani  are  those  produced  by  division  of  the  qr:: 
pathetic;  and  the  effects  produced  by  galvanizing  the  sympalhtfio 
are  those  which  follow  division  of  the  chorda  tympani* 

(  Bertiikrd.     Legons  aiir  les  Liquid«B  de*rOrg«Liiiatne.     Pftris,  1859«  rot  t  1^  SM 
et  seq.  *  Berntrd.     Op.  oit.,  vol.  i.  p.  ^1^ 
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The  vascularity  of  the  parts,  accordingly,  as  well  as  the  functional 
activity  of  the  vascular  organs,  are  under  the  control  of  the  nervous 
system.  The  filaments  of  the  sympathetic  nerve,  a3  we  have  seen, 
accompany  everywhere  the  bloodvessels,  enveloping  the  arterial 
branches  with  an  abundant  plexus,  and  following  them  to  their 
minutest  ramifications.  These  sympathetic  fibres  appear  to  act  by 
causing  a  contraction  in  the  organic  muscular  fibres  of  the  small 
arteries,  and  thus  to  regulate  the  resistance  of  these  vessels,  and  the 
passage  of  the  blood  through  them.  When  the  sympathetic  nerve  is 
excited,  the  vessels  are  contracted,  the  blood  passes  through  them 
but  slowly,  and  is  fully  converted,  during  its  passage,  into  venous 
blood.  When  the  influence  of  this  nerve  is  diminished  or  sus- 
pended, the  vessels  are  dilated,  the  circulation  is  increased,  and  the 
blood,  passing  through  the  vessels  with  greater  rapidity,  does  not 
goffer  the  nutritive  changes  which  result  in  the  alteration  of  its  color 
,  firora  arterial  to  venous* 

The  vascular  congestion  produced  by  di\dsiou  of  the  sympathetic 
lerve  is  also  accompanied  by  an  elevalion  of  temperature  in  the 
ifiected  part.     This  elevation  of  temperature  is  very  perceptible  to 

le  touch,  and  may  also  be  measured  by  the  thermometer*  Ber- 
lard  has  found '  the  increase  of  heat  on  the  affected  side  to  reach  8** 
>r  9*  F.   Like  the  vascular  congestion,  it  sometimes  lasts  for  a  long 

eriod,  especially  when  a  considerable  portion  of  the  nerve  has  been 
uut  out,  or  the  superior  cervical  ganglion  extirpated.    Bernard  has 

sen  it  continue,  under  these  circumstances,  in  the  dog  for  two 

lonths,  and  even,  in  one  instance,  for  a  year  and  a  half. 

These  appearances  are  consequent  on  the  unnatural  vascularity 
jf  the  parts,  and  appear  to  be  the  effect  of  a  simple  congestion. 

bey  do  not  produce  any  of  the  results  of  inflammation,  properly 
iking,  and  neither  cedema,  exudation,  sloughing  or  ulceration 

>llow  the  operation,  unless  in  unhealthy  or  enfeebled  animals. 

ae  increased  heat  of  the  part  is  apparently  due  to  the  increased 
quantity  of  blood  passing  through  its  vessels;  since  the  blood, 

>mlng  from  the  interior  and  warmer  parts  of  the  body,  supplies 

le  ear  with  more  caloric,  in  proportion  to  the  abundance  and 

ipidity  with  which  it  traverses  the  vascular  tissues. 
DiWsion  of  the  sympathetic  nerve  in  the  middle  of  the  neck 
also  a  very  singular  and  instantaneous  efleet  on  the  muscular 

pparfUus  of  the  eye.     Within  a  very  few  seconds  after  the  above 


I  Eecbercbei  Exp^rimeiitftlM  but  le  Qrmad  S/mpsifaique.     Pam,  1854, 
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Operation  has  been  performed  upon  the  cat,  the  pnpil  of  the '  " 
responding  eye  becomes  strongly  contracted,  and  remains  in  liut 
condition.    At  the  same  time  the  third  eyelid,  or  "  nictitating  mem- 
brane/' with  which  thesee  animals 
Fig.  168.  are  provided,  is  drawn  partiaUr 

over  the  cornea,  and  tlic  upper 
and  lower  eyelids  also  approii- 
mate  very  considerably  to  each 
other;  so  that  all  the  apertures 
guarding  the  eyeball  are  very 
perceptibly  narrowed,  and  the  ex- 
pression of  the  face  on  tL 
altered  in  a  corresponding^     ,. 
This  effect  upon  the   pupil 
been  explained  by  supp 
circular  fibres  of  the  iric,  .. 
constrictors  of  the  pupil,  to 
animated  exclusively  by  nervous  filaments  derived  from  the  ocolo*! 
motorius;  and  the  radiating  fibres,  or  tbe  dilators,  to  be  suppHd 
by  the  sympathetic.     Accordingly,  while   division  of  the  oculoJ 
motorius  would  produce  dilatation  of  the  pupil,  by  paralysifi  ^ 
the  circular  fibres  only,  division  of  the  sympathetic  would 
followed  by  exclusive  paralysis  of  the  dilators,  and  a 
contraction  of  the  pupil  would  consequently  take   place.    Tbi 
above  explanation,  however,  is  not  a  satisfactory  one;   since,  ifl 
the  first  place,  division  of  the  oculo-motorius,  as  the  experiments  of 
Bernard  have  shown/  does  not  by  itself  produce  complete  dilata- 
tion of  the  pupil ;  and,  secondly,  after  division  of  the  sympat] 
nerve  in  tbe  cat,  as  we  have  already  shown,  not 'only  is  tbe  pu 
contracte<l,  but  both  the  upper  and  lower  eyelids  and  the  nictitatisd 
membrane  are  also  partially  drawn  over  the  cornea,  and  assist  il 
excluding  the  light.     The  last-named  effect  cannot  be  owing  to  aoid 
direct  paralysis,  from  division  of  the  fibres  of  the  sympatheticL 
is  more  probable  that  the  section  of  this  nerve  operates  simply  by  ' 
exaggerating  for  a  time  the  sensibility  of  the  retina,  owing  ta 
the  vascular  congestion  of  the  parts ;  and  that  the  partial  c^dsiot 
of  the  eyelids  and  pupil    is  a  secondary  consequence  of  ^l 
condition, 

>  Le^ona  «Tir  1&  Plifsiologie  et  la  Pathologie  da  Sjst^me  Nerreax,  Pirit,  t^ 
vol,  IL  p*  203. 
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the  Oidium  albicans  veget4ites  upon  the  mucous  sur- 
I  of  the  mouth  and  pharynx;  the  Boiryiia  Bassiana  attacks  the 
body  of  the  silkworm,  and  plants  itself  in  its  tissues ;  while  many 
species  of  irefnaloid  worms  live  attached  to  the  gills  of  fish  and  of 
water-lizards. 

These  parasites  are  usually  nourished  by  the  fluids  of  the  animal 
rhose  body  they  inhabit.  Each  particular  species  of  parasite  is 
found  to  inhabit  the  body  of  a  particular  species  of  animal,  and  is 
ot  found  elsewhere.  They  are  met  with,  moreover,  as  a  general 
lie,  only  in  particular  organs,  or  even  in  particular  parts  of  a 
agle  organ.  Thus  the  Trioocephalus  dispar  is  found  only  in  the 
cum ;  the  Strongylus  gigas  in  the  kidney ;  the  Distoma  hepati- 
in  the  biliary  passages.  The  Distoma  variegatum  is  found 
dly  in  the  lungs  of  the  green  frog,  the  Distoma  cylindraceum  in 
of  the  brown.  The  Taenia  solium  is  found  in  the  intestine  of 
de  human  subject  in  certain  parts  of  Europe,  while  the  Bothrio- 
sphalus  latus  occurs  exclusively  in  others.  It  appears,  therefore, 
if  Bome  local  combination  of  conditions  were  necessary  to  the 
iuction  of  these  parasites ;  and  they  have  been  supposed,  accord* 
[igly,  to  originate  by  spontaneous  generation  in  the  localities  where 
iey  are  exclusively  known  to  exist. 

A  little  consideration  will  show,  however,  that  the  above  condi- 

Gons  are   not,  properly  speaking,  necessary  or  sufficient  for  the 

iuclioUf  but  only  for  the  dtvclopmerU  of  these  parasites.    All  the 

irasites  mentioned  above  reproduce  their  species  by  generation. 

They  have  male  and  female  organs^  and  produce  fertile  eggs,  often 

i  great  abundance.     The  eggs  contained  in  a  single  female  Ascaris 

to  be  counted  by  thousands ;  and  in  a  tapeworm,  it  is  said,  even 

by  niillions.    Now  these  eggs,  in  order  that  they  may  be  hatched 

ad  produce  new  individuals,  require  certain   special  conditions 

rhich  are  favorable  for  their  development ;  in  the  same  manner 

the  seeds  of  plants  require,  for  their  germination  and  growth,  a 

nin  kind  of  soil  and  a  certain  supply  of  warmth  and  moisture. 

is  accordingly  no  more  surprising  that  the  Oxyuris  vermicularis 

bould  inhabit  the  rectum,  and  the  Ascaris  lumbricoides  the  ileum, 

ian  that  the  Lobelia  inflata  should  grow  only  in  dry  pastures,  and 

Lobelia  oardinalis  by  the  side  of  running  brooks.    The  lichens 

>urish  on  the  exposed  surfaces  of  rocks  and  stone  walls ;  while 

be  fungi  vegetate  in  darkness  and  moisture,  on  the  decaying  trunks 

dead  trees.    Yet  no  one  imagines  these  vegetables  to  be  spon^ 

>ugly  generated  from  the  soil  which  they  inhabit.    The  truth 
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is  Bimply  this^  that  if  the  animal  or  vegetable  germ  be  deposited  m 
a  locality  which  affords  the  requisite  conditions  for  its  developmeDt, 
it  becomes  developed ;  otherwise  not.    Each  female  Ascaris  pro- 
duces, as  we  have  said,  many  thousands  of  ova.     Now,  though  the 
chances  are  very  great  against  any  particular  one  of  these  on 
being  accidentally  transported  into  the  intestinal  canal  of  another 
individual,  it  is  easy  to  see  that  there  are  many  erased  in  opera- 
tioa  by  which  some  of  them  might  be  so  transported.     By  fiir  the 
greater  number  undoubtedly  perish,  from  not  meeting  with  the 
conditions  necessary  for  their  development.    One  in  a  thousand,  or  i 
perhaps  one  in  a  million^  is  acoidentally  introduced  into  the  bcMlyl 
of  another  individual,  and  consequently  becomes  developed  lhm\ 
into  a  perfect  Ascaris. 

The  circumstance,  therefore,  that  particular  parasites  are  cccifioidi 
to  particular  localities,  presents  no  greater  difficulty  &s  to  thm 
mode  of  reproduction,  than  the  same  &ct  regarding  other  animil 
and  vegetable  organisms. 

Neither  is  there  any  difficulty  in  accounting  for  the  introduction 
of  parasitic  germs  into  the  interior  of  the  body.  The  air  and  the 
food  offer  a  ready  means  of  entrance  into  the  respiratory  asA 
digestive  passages ;  and,  a  parasite  once  introduced  into  the  iaia- 
tine,  there  is  no  difficulty  in  accounting  for  its  presence  in  auy  of 
the  ducts  leading  from  or  opening  into  the  alimentary  canah  Some 
parasites  are  known  to  insinuate  themselves  directly  underoeatJi 
the  surface  of  the  skin ;  as  the  Pulex  penetrans  or  "  cbiggo"  d 
South  America,  and  the  Ixodes  Americanus  or  "tick.**  Oth«n 
like  the  (Estrua  bovis,  penetrate  the  integument  for  the  purpose  d 
depositing  their  eggs  in  the  subcutaneous  areolar  tissue.  Som 
may  even  gain  an  entrance  into  the  bloodvessels,  and  circukte  ia 
this  way  all  over  the  body.  Thus  the  Fitaria  rubella  is  found  sMn 
in  the  bloodvessels  of  the  frog,  the  Distoma  haenmtobium  in  tliose 
of  the  human  subject,  and  a  species  of  Spiroptera  in  those  of  Aft 
dog.  It  is  easy  to  see,  therefore,  how,  by  such  means»  partfilifi 
germs  may  be  conveyed  to  any  part  of  the  body ;  and  may  evca  i« 
deposited,  by  accidental  arrest  of  the  circulation,  in  the  substioaB 
of  the  solid  organs. 

The  most  serious  difficulty,  however,  in  the  way  of  aeoottnliPI 
for  the  production  of  parasitic  organisms,  was  that  preseoted  by  the 
existence  of  a  class  known  as  the  encysted  or  sexlens  entozodu  The9$ 
parasites  for  the  most  part  occupy  the  interior  of  tho  solid  orgx^ 
and  tissues,  into  which  they  could  not  have  gained  aooess  by  thi 
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mucous  canals.  Thus  the  Ccenurus  oerebralis  is  fonnd  imbedded 
in  the  substance  of  the  brain,  the  Trichina  spiralis  in  the  voluntary 
muscles,  and  the  Cysticercus  cellulose  in  the  areolar  tissue  of  va- 

Kous  parts  of  the  body.     They  are  also  distinguished  from  all 

^ther  parasites  by  two  peculiar  characters.   First,  they  are  enclosed 
in  a  distinct  cyst,  with  which  they  have  no  organic  connection  and 
from  which  they  may  be  read- 
ily separated;  and  secondly^  F»«*  no. 
their  generative  organs  are 

Hither  imperfectly  developed 

^m  altogether  wanting.    The 

H^cAina  spiralis,  for  example, 

^■ig.  170^)  is  enclosed  in  an 

^^oid  cysti  composed  of  an 

ffvrganic  material  deposited  in 

fncentric  layers;  the  whole 
veloped  in  a  membranous 
tubular  prolongation  tapering  from  the  two  extremities.  The 
worm  lies  loose  in  the  central  cavity  of  the  cyst,  coiled  up  in  a 
spiral  form* 
^^Now  we  have  seen  that  it  is  easy  to  account  for  the  conveyance 
^p  these  or  any  other  parasites  into  the  interior  of  vascular  organs 
and  tissues;  the  eggs  from  which  they  are  produced  being  trans- 
ported by  the  bloodvessels  to  any  part  of  the  body,  and  there  re- 
tained by  a  local  arrest  of  the  capillary  circulation.  In  the  case  of 
the  encysted  entozoa,  however,  we  have  a  much  greater  difficulty ; 
since  many  of  these  parasites  are  entirely  without  sexual  organs  or 
generative  apparatus  of  any  sort,  nor  have  they  ever  been  dis- 
csovered  in  the  act  of  producing  eggs,  or  of  developing  in  any 
manner  a  progeny  similar  to  themselves.  It  appears,  accordingly, 
difBcult  to  understand  how  animals,  «<rhich  are  without  a  sexual 

C^aratus,  should  have  been  produced  by  sexual  generation.    As 
8  certain  that  they  can  have  no  progeny,  it  would  seem  equally 
dent  that  they  must  have  been  produced  without  a  parentage. 
This  difficulty,  however,  serious  as  it  at  first  appears,  is  susceptible 
of  a  very  simple  explanation.  The  case  is  in  many  respects  analogous 
to  that  of  the  maggots,  hatched  from  the  eggs  of  flies  in  putrefying 
jacat.     These  maggots  are  also  without  sexual  organs;  for  they 
H^  still  imperfectly  developed,  and  in  a  kind  of  embryonic  condi- 
^fcn.     It  is  only  after  their  metamorphosis  into  perfwt  insects,  that 
generative  organs  are  developed  and  a  distinction  between  the 
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sexes  manifests  itself.  This  is,  indeed,  more  or  less  the  case  with 
all  animab  and  with  all  vegetables.  The  blossom^  whidi  is  Im 
sexual  apparatus  of  the  plants  does  not  appear^  bm  a  general  mk^ 
until  the  growth  of  the  vegetable  has  continued  for  a  oertaia  timi^ 
and  it  has  acquired  a  certain  age  and  strength*  Even  in  the  hamia 
subject  the  sexual  organs,  though  present  at  birth,  are  still  rttj 
imperfectly  developed  as  to  size,  and  altogether  inactive  in  ft^fl^ 
tion.  It  is  only  later  that  these  organs  acquire  their  full  growth, 
and  the  sexual  characters  become  complete.  In  very  many  of  Xh 
lower  animals  the  sexual  organs  are  entirdj 
absent  at  birth,  and  appear  only  at  a  later 
period  of  development 

Now  the  encysted  or  sexless  ento2oa 
simply  the  undeveloped  young  of  other  paa* 
sites  which  propagate  by  sexual  generatioa; 
the  membrane  in  which  they  are  incloccd 
being  cither  an  embryonic  envelope,  or  eUe 
an  adventitious  cyst  formed  round  the  pui* 
sitic  embryo.  These  embryos  have  ooqm;  io 
the  natural  course  of  their  migrations^  into 
a  situation  which  is  not  suitable  for  their  com* 
plete  development.  Their  development  is 
accordingly  arrested  at  that  point;  and  the 
parasite  never  reaches  the  adult  eonditioo, 
until  removed  from  the  situation  in  which  it 
has  been  placed,  and  transported  to  another 
locality. 

The  above  explanation  has  been  democB* 
strated  to  be  the  true  one,  more  portacularty 
with  regard  to  the  Taenia,  or  tapeworro,  and 
several  varieties  of  Cysticercua.  Th©  Tknia 
(Fig.  171)  is  a  parasite  of  which  different  ^{•ed« 
are  found  in  tlie  intestine  of  the  human  iubjae^ 
the  dog,  cat,  fox,  and  other  of  the  lower  antmak 
Its  upper  extremity,  termed  the  "  heaid,"  W>^ 
sists  of  a  nearly  globular  mass,  pfeaeotbgiqMi 
its  lateral  surfaces  a  set  of  four  muscular  disks,  or  ''sackers»**8Dl 
terminating  anteriorly  in  a  conical  projection  which  is  proviioi 
with  a  crown  of  curved  processes  or  hooks,  by  which  the  para^ 
attaches  itself  to  the  intestinal  mucous  membrane.  To  this  **  hfla»r 
fiucceeds  a  slender  ribbon-shaped  neck,  which  is  at  first  smooth,  bat 
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'h  soon  becomes  transversely  wrinkled,  and  afterward  divided 

•  distinct  rectangular  pieces  or  **  articalations,"     These  articula 

US  multiply  by  a  process  of  successive  growth  or  budding,  from 

wrinkled  portion  of  the  neck ;  and  are  constantly  removed  farther 

farther  from  their  point  of  origin  by  new  ones  formed  behind 

m.     As  they  gradually  descend,  by   the   process   of  growth, 

ber  down  the  body  of  the  tapeworm,  they  become  larger  and 

in  to  exhibit  a  sexual  apparatus,  developed  in  their  interior* 

each  fully  formed  articulation  there  are  contained  both  male 

female  organs  of  generation ;  and  tfce  mature  eggs,  which  are 

duced  in  great  numbers,  are  thrown  oft'  together  with  the  articu- 

on  itself  from  the  lower  extremity  of  the  tapeworm.    Since  tha 

iculations  are  successively  produced,  as  we  have  mentioned  above, 

adding  from  the  neck  and  the  back  part  of  the  head,  the  para- 

,ot  be  effectually  dislodged  by  taking  away  any  portion  of 

;  however  large;  since  it  is  subsequently  reproduced  from 

'head,  and  continues  its  growth  as  before*    But  if  the  head  itself 

moved  from  the  intestine,  no  farther  reproduction  of  the  articu- 

►ns  can  take  place. 

e  Cysticerciis  is  an  encysted  parasite,  different  varieties  of  which 
und  in  the  liver,  the  peritoneum,  and  the  meshes  of  the  areolar 
in  various  parts  of  the  body.    It  consists  (Fig.  172)  first,  of 
bular  sac,  or  cyst  (a),  which  is  not  adherent  to  the  tissues  of 
organ  in  which  the  parasite  is  found,  but  may  be  easily  sepa- 
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m  them.  In  its  interior  is  found  another  sac  {h\  lying 
in  the  cavity  of  the  former,  and  filled  with  a  serous  fluid* 
second  sac  presents,  at  one  point  upon  its  surface,  a  puckered 
fesmon,  leading  into  a  long,  narrow  canal  (c).  This  canal,  which 
rmed  by  an  involution  of  the  walls  of  the  second  sac,  presents 
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at  its  bottom  a  gmall  globalar  mass,  like  the  head  of  the  Taenia 
provided  with  suckers  and  hooks,  and  supported  upon  a  sboH 
slender  neck.  If  the  outer  investing  sac  be  removed,  the  narrow 
canal  just  described  may  be  everted  by  careful  raanipulatioti,  and 
the  par^^ite  will  then  appear  as  in  Fig,  ITS,  with  the  head  and  neek 
resembling  those  of  a  TaBUia,  but  terminating  behind  in  a  dnipaical 
Bac4ike  swelling,  instead  of  the  chain  of  articulations  which 
characteristic  of  the  fully  formed  tapeworm* 

Now  it  has  been  shown,  by  the  experiments  of  Kuchenmeister, 
Siebold,  and  others,  that  ihe  Cysticercus  is  only  the  imperfectly 
developed  embryo,  or  young,  of  the  Taenia,  When  the  mature 
articulation  of  the  tapeworm  is  throvm  o^  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation*  contailk- 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  ibti 
stomach  of  another  animal;  the  substance  of  the  articulation,  to* 
gether  with  the  external  covering  of  the  eggs,  is  destroyed  hf^ 
gestion,  and  the  embryos  are  thus  set  free.  They  then  penecnti 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue,  and  becoming  encysted  in  these  situations,  are 
there  developed  into  cysticerci,  as  represented  in  Fig*  172.  AfUx* 
ward,  the  tissues  in  which  they  are  contained  being  devoured  hj 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itself 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodoM 
the  long  tape-like  series  of  articulations,  by  which  it  is  finally  oofr 
verted  into  the  full-grown  Taenia. 

Prof  Siebold  found  the  head  of  the  Cysticercus  fasciolaris^  met 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  Tesem- 
blance  to  the  Taenia  crassicoltis,  inhabiting  the  intestine  of  the  ail, 
that  he  was  led  to  believe  the  two  parasites  to  be  identicaL  TOi 
identity  was,  in  fact,  proved  by  the  experiments  of  KUcheniodstar; 
and  Siebold  afterward  demonstrated*  the  same  relation  lo  ex£l 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rab- 
bits, and  the  Taenia  serrata,  from  the  intestine  of  the  dog.  Tha 
experimenter  succeeded  in  administering  to  dogs  a  qumitiiy  of  tfci 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  milk ;  and 
on  killing  the  dogs,  at  various  periods  after  the  meal,  from  tiw 
hours  to  eight  weeks,  he  found  the  cysticerci  in  varioua  stages  of 

*  In  Bcifffilo  Medio&l  Joum&l,  Feb.  1853 ;  tiso  in  Siebold  on  T«p0  aad  Cp^ 
Wanus,  S^deobam  trauaUUoii :  Lobdon,  1857,  p^  ^9* 
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37elopmetit  in  the  intestine,  and  finally  converted  into  tlie  full 
>wn  Taenia,  with  complete  articulations  and  mature  eggs. 
Dr.  Kiichenmeister*  has  also  performed  the  same  experiment,  with 
successy  on  the  human  subject.    A  number  of  cysticerci  were  ad- 
ministered to  a  criminal,  at  different  periods  before  hia  execution^ 
^varying  from  12  to  72  hours;  and  upon  post-mortem  examination 
the  body,  no  less  than   ten   young  tceni©  were  found  in  the 
■fnte^stine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Taenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister'  have 
shown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
the  pig,  will  give  rise  to  the  development  of  Cysticercus  ceUuloaaB; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
suckart/  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
erfectly  cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
Irorm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
Bstine, and  acquires  fully  developed  sexual  organs; — ^so  that  the 
ales,  after  the  first  week,  produce  an  abundance  of  living  young. 
iiese  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
ine  of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
iUBCular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom- 
ach of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  repro- 
daction  of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledget 
IB  that  organized  heinga,  animal  and  vegetabUj  wherever  they  may  b€ 
Jinindf  are  always  the  progeny  of  previously  existing  parents. 


K 
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CHAPTER   II. 

ON  SEXUAL  GENEBATIOK,  AND  THE  MOI>E  OF 
ACCOMPLISHMENT, 


Fig.  174. 
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The  function  of  generation  is  performed  Irjr  means  of  two  iels  i 
organs,  each  of  which  gives  origin  to  a  peculiar  product^  capftbfe^ 
of  uniting  with  the  other  so  as  to  prod  ace  a  new  individaaL    Tboe 

two  seta  of  organs^  belonging  to  ttie 
two  different  sexee,  are  called  the  malt 
and  female  organs  of  generation.    The 
female  organs  produce  a  globular  body  1 
called  the  germ,  or  tgg,  which  is  Gapabll| 
of  being  developed  into  the  body  rff 
the  young  animal  or  plant ;  the  msb 
organs  produce  a  substance  whicli  b 
necessary  to  fecundate  the  germ^aai 
enable  it  to  go  ibrough  with  its  oatunl 
growth  and  development. 

Such  are  the  only  essential  and  osi*^ 
versal  characters  of  the  organs  of  ( 
ration.    These  organs,  however,  exhiliil^ 
various  additions  and  modificaliocui  in 
different  classes  of  organised  bempl 
while  they  show  throughout  the  sai&8 
ftindaraental  and  essential  charactem 
In  the  flowering  plants^  for  exampfe. 
the  blossonii  which  is  the  generatif^ 
apparatus  (Pig.  174)»  consists  flrrt  vt  i 
female  organ    containing  the  germ  {a\  situated  usually  upoo  the, 
highest  part  of  the  leaf- bearing  stalk.    This  is  srurmonnted  br«l 
nearly  straight  column,  termed  the  pistil  {h\  dilated  at  its  sutmnH] 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower- 
Around  it  are  arranged  several  slender  filaments,  or  stamens^  hen- 
ing  upon  their  extremities  the  male  organs,  or  anthers  ^fi,€^    Tki 
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whole  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
colored  leaves,  termed  the  corolla  (d),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e), 
be  anthers^  when  arrived  at  maturity,  discharge  a  fine  organic 
lust,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
ittremity  of  the  pistil,  and  then  penetrate  downward  through  its 
sues,  until  they  reach  its  lower  extremity  and  come  in  contact 
rith  the  germ.     The  germ  thus  fecundated,  the  pn^cess  of  genera- 
tion is  accomplished.     The  pistil,  anthers,  and  corolla  wither  and 
II  oflf;  while  the  germ  increases  rapidly  in  size,  and  changes  in 
5rm  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.    It 
then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
limilar  to  the  old. 
In  the  above  instance,  the  male  and  female  organs  are  both 
^tuated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
:>lvalus,  io.    In  other  cases,  there  are  separate  male  and  female 
lowers  upon  the  same  plant*  of  which  the  male  flowers  produce 
ily  the  pollen,  the  female,  the 
rm  and  fruit.    In  others  still,  ^*«-  ^'^^• 

,  the  male  and  female  flowers  are 
^^tuated  upon  different  plants, 
^■rhich  otherwise  resemble  each 
^Btner,  as  in  the  willow,  poplar, 
^Ttnd  hemp. 

In  animals,  the  female  organs 
of  generation  are  called  avaries, 
ice  it  is  in  them  that  the  egg^    «- 
"ovum,"  is  produced.    The 
e  organs    are   the    tesHcles^ 
hich  give  origin  to  the  fecun- 
ing    product^    or    '*  seminal 
r  by  which  the  egg  is  fer-        (^ 
We  have  already  men-  i 

ned  above  that  in  the  articula* 

3ns  ot  the  tapeworm  the  ovanes  r»A.iicoLi.i8.  fr.m.m»ii  ioi«ni»«  of  c«i.^ 
id  testicles  are  developed  to-  "•  *■•  *■•  ^^*^  *'^^***  ^^^^  *^«^  ^  T«tiki«.  & 
Bther.   (Fig.  17d.)    The  ovary 

a,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
ctremities,  and  communicating  with  each  other  by  a  central  canal, 
le  testicle  (6)  is  a  narrow,  convoluted  tube^  very  much  folded  j 
34 
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upon  it^lf,  which  opens  by  an  external  otiilce  (e)  Qpon  the  latoal 
border  of  the  articulation,  about  midway  between  itd  two  ex- 
tremities. The  spermatic  fluid  produced  in  the  testicle  is  intro- 
duced into  the  female  generative  passage,  which  opens  at  the  sMOfi 
spot,  and,  penetrating  deeply  into  the  interior,  comes  in  coutad 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fertik 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vast  number  of  young  are  produced  by  their 
development 

In  Bnails.  also,  and  in  some  other  of  the  lower  animals,  the  ovarial 
and  testicles  are  both  present  in  the  same  individual ;  so  that  the8& 
animals  are  sometimes  said  to  be  ^'hermaphrodite,"  or  of  double | 
sex.  In  reality,  however,  it  appears  that  the  male  and  femikl 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovartet  j 
are  first  developed  and  perform  their  function,  after  which  the  tei- j 
tides  come  into  activity  in  their  turn.  The  same  individual,  ther^ 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  fin* J 
female  and  afterward  male^  exercising  the  two  generative  functioDS  ] 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  generstiVQ  j 
organs   are   located  in  separate  individuals ;  and    the  species  if 
consequently  divided  into  two  sexes,  male  and  female.     All  tlrtl  1 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existcace  I 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.     Beside  these* ' 
however,  there  are,  in  most  instances,  certain  secondary  or  acoo* 
sory  organs  of  generation,  which  assist  more  or  less  in  the  aeoinii* 
plishment  of  the  process,  and  which  occasion  a  greater  diflEersooeii 
the  anatomy  of  the  two  sexes.     Such  are  the  uterus  and  tn&moiafy  1 
glands  of  the  female,  the  vesicolaB  seminales  and  prostate  gkulj 
of  the  male.     The  female  naturally  having  the  immediate  care  of  J 
the  young  after  birth,  and  the  male  being  occupied  ia  providn^l 
food  and  protection  for  both,  there  are  also  corresponding  diffisr*! 
ences  in  the  general  structure  of  the  body,  which  oflect  the  wbokl 
external  appearance  of  the  two  sexes,  and  which  even  show  tbea*] 
selves  in  their   mental   and   moral,  as  well  as  in  their   phyiictLl 
characteristics.     In  some  cases  this  difference  is  so  excessive  tisll 
the  male  and  female  would  never  be  recognized  as  belonging  to  the 
same  species,  unless  they  were  seen  in  company  with  each  other.  1 
Not  to  mention  some  extreme  instances  of  this  among  inaects  and  I 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  welt  I 
known  examples  of  the  cock  and  the  hen,  the  lion  and  liooess*  tte  j 
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back  and  the  doe.  In  tbe  human  species,  also,  the  distinction 
between  the  sexes  shows  itself  in  the  mental  constitution,  the  dis- 
positigni  habits,  and  pursuits^  as  well  as  in  the  general  conforma- 
tkm  cf  the  body,  and  the  peculiarities  of  external  appearance. 

We  shall  now  study  more  fully  the  character  of  the  male  and 
Ibmale  organs  of  generation,  together  with  their  products,  and  the 
manner  in  which  these  are  discharged  from  the  body,  and  brought 
into  relation  with  each  other. 


EGG   AKI>   r£MXL£   OKGANiS   Of   G£K£BATXOK. 


CHAPTER   III. 

ON    THE    EGG,    AND    THE    FEMALE    OBGANS    01 
GKNEBATION. 


Fig,  176. 


The  egg  is  a  globular  body  which  varies  considerahlj  in  si 
different  classes  of  animals,  according  to  the  peculiar  oonditioQi 
under  which  its  developtneiit  is  to  take  place.  Id  the  frog  it  mea- 
sures ^5  of  an  inch  in  diameter,  in  the  lamprey  j*^,  in  quadrupeds 
and  in  the  human  species  xhn-  It  consists,  first,  of  a  membranous 
external  sac  or  envelope,  the  vUdlint  membrane ;  and  secondly,  of  l 
spherical  mass  inclosed  in  its  interior,  called  the  viteUu$. 

The  viieUine  membrane  in  birds  and  reptiles  is  very  thin,  meftsur' 
ing  often  not  more  than  u^o^  of  an  inch  in  thickness,  and  is  at  the 

same  time  of  a  somewhat  fibrous  textttr«» 
In  man  and  the  higher  animalsi  on  the 
contrary,  it  is  perfectly  smooth,  structupe- 
less  and  transparent^  and  is  about  y^Vv  ^ 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance^  it 
has  a  considerable  degree  of  resisUOM 
and  elasticity.  The  egg  of  the  hamia 
subject,  for  example,  may  be  perceptiWj 
fiattened  out  under  the  microscope  bj 
pressing  with  the  point  of  a  needle  upaa 
the  slip  of  glass  which  covers  it;  but  it 
still  remains  unbroken,  and  when  the 
pressure  is  removed,  readily  resumes  its  globular  form.  When  the 
egg  is  somewhat  flattened  under  the  microscope  in  this  way,  hj 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  TttcQiae 
membrane  is  increased,  and  it  then  appears  (Fig,  176)  as  a  rallicr 
wde,  colorless,  and  pellucid  border  or  zone,  surrounding  tbegnvo- 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  it  liis  some- 
times received  the  name  of  the  ''  zona  pellucida,"     The  tmiia  rf 
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Fig.  177. 


pritelline  membrane,  however,  is  the  one  more  generally  adopted, 

^  ftud  is  also  the  more  appropriate  of  the  two. 

The  vitellits  {b)  is  a  globular,  semi-solid  mass,  contained  within 

(the  iritelline  membrane.     It  consists  of  a  colorless  albuminoid  sub- 
Btance,  with  an  abundance  of  minute   molecules  and   oleaginous 

Pgranules  scattered  through  it.     These  minute  oleaginous  masses 

I  give  to  the  %ntellus  a  partially  opaque  and  granular  aspect  under 

the  microscope.     Imbedded  in  the  vitellus,  uBually  near  its  surface 

I  and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 

Blear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  kno^vn 

i  the  germtnative  vesicle.     In  the  egg  of  the  human  subject  and  of 

the  quadrupeds,  this  vesicle  measures  gj^  to  ji^  of  an  inch  in 

diameter.    It  presents  upon  its  surface  a 

dark  spot,  like  a  nucleus  (rf),  which  is  known 

by  the  name  of  the  yerminative  sj^ot  The 
^^erminative  vesicle,  with  its  nucleus-like 
^KtoIi  13  often  partially  concealed  by  the 
^Branules  of  the  vitellus  by  which  it  ij?  sur- 
^^ounded,  but  it  may  always  be  discovered 
,  by  careful  examination. 
^V  If  the  egg  be  ruptured  by  excessive  pres- 
^Bure  under  the  microscope,  the  vitellns  is 
Vieen  to  have  a  gelatinous  consistency.     It 

is  gradually  expelled  from  the  vitelline 

cavity^  but  still  retains  the  granules  and  oil 

Rjlobules  entangled  in  its  substance.  (Fig.  177.)  The  edges  of  the 
ractured  vitelline  membrane,  under  these  circumstances^  present  a 
unooth  and  nearly  straight  outline,  without  any  appeiirance  of 
aceration  or  of  a  fibrous  structure.  The  membrane  is,  to  all  ap- 
pearance, perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.     It  is 
om  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
;>rraed,  and  the  organs  of  the  new  individual  developed.     The 
ritenine  membrane  is  merely  a  protective  inclosure,  intended  to 
2ure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
luring  the  early  periods  of  development 
The  egg.  as  above  described,  consists  therefore  of  a  simple 
"vitellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.     It 
such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 
Is,  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
limals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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eggs  are  deposited  and  hatched  in  tbe  water,  as  W0II  as  thoflo  ia 
wfaich  thej  ate  retained  in  the  body  of  the  female  tmtil  the  develop* 
i|ient  of  the  young  is  completed^  siich  an  egg  as  above  described  is 
snfl5cient  for  the  formation  of  the  embryo;  siocse  daring  its deTdop- 
raent  it  can  absorb  freely,  either  from  the  water  in  which  it  floats^ 
or  from  the  mucous  membrane  of  the  female  generative  organs,  the 
requisite   supply  of  nutritious   fluids.    But  in  birds  and  in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises^  &c^  where  the  eggi 
are  expelled  from  the  body  of  the  female  at  an  early  period,  aod 
incubated  on  laiid^  there  is  no  external  source  of  nutrition,  to 
vide  for  the  support  of  the  young  animal  during  its  devel 
In  these  instances  accordingly  the  vitellus,  or  "yolk,*'  as  it  is  callad, 
is  of  very  large  size;  and  the  bulk  of  the  egg  is  still  further  is* 
creased  by  the  addition,  within  the  female  generative  passages,  of 
layers  of  albumen  and  various  external  fibrous  and  calcaroottt 
envelopes-     The  essential  constituents  of  the  egg,  however,  sdll 
remain  the  same  in  character,  and  the  process  of  embryonic  dere* 
lopment  follows  the  same  general  laws  as  in  other  case& 

The  eggs  are  produced  in  the  interior  of  certain  organs^  situated 
in  the  abdominal  cavity,  called  the  ovaries.  These  organs  oonsisi 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  **  Gnui£a!i 
follicles/*  each  one  of  which  contains  a  single  egg.  The  follidei 
are  connected  with  each  other  by  a  quantity  of  vascular  aroobr 
tissue,  which  binds  them  together  into  a  well-defined  and  cOQsist)eilt< 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneunk  Thi 
egg  has  sometimes  been  spoken  of  as  a  "  pro<luct,*'  or  DTcn  as  1 
"secretion*'  of  the  ovary.  Nothing  can  be  more  inappropriate; 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  regard  tht 
ovary  as  in  any  respect  resembling  a  glandular  organ*  The  egg  it 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  to  its 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  femaLi 
It  is  destined  to  he  finally  separated  from  its  attachments  ami 
thrown  off;  but  until  that  time,  it  is,  properly  speaking,  a  pan  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portion  r*f  tin? 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  conoeniod  ia 
the  production  of  the  eggs,  are  to  be  regarded  as  the  eeaential 
parts  of  the  female  generative  apparatus^  Beside  them,  hoverei; 
there  are  usually  present  certain  other  organs,  which  play  a  fleo» 
dary  or  accessory  part  in  the  process  of  generation.  The  wM 
important  of  these  accessory  organs  are  two  symmetrical  txiba^tfr 
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Fig.  178. 


iduets,  wLich  are  destined  to  reoeive  the  eggs  at  their  internal 
Extremity  and  convey  them  to  the  external  generative  orifice.  The 
lucous  membrane  lining  the  oviducts  is  also  intended  to  snpply 
ertain  secretions  during  the  passage  of  the  egg,  which  are  reqoi- 
ipte  either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
the  embryo. 

In  the  frog,  for  example,  the  oviduct  commences  at  the  upper 
of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
ctly  with  the  peritoneal  cavity.     It 
after  contracts   to  a   narrow  tube, 
ad  pursues  a  zigzag  course  down  the 
lide  of  the  abdomen  (Fig.  178),  folded 
ipon   itself   in    convolutions,   like   the 
lall  intestine,  until  it  opens,  near  its 
How   of   the    opposite   side,   into  the 
*  cloaca"  or  lower  part  of  the  intestinal 
aal.     The  oviducts   present  the  same 
leral  characters  with  those  described 
kbove,  in  nearly  all  species  of  reptiles 
land  birds ;  though  there  are  some  modi- 
fications, in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  which 
they  contain,  undergo  at  particular  sea- 
sons a  periodical  development  or  increase 
growth.     If  we  examine  the  female 
og  in  the  latter  part  of  summer  or  the 
fall,  we  shall  find  the  ovaries  presenting 
be  appearance  of  small  clusters  of  minute  and  nearly  colorless 
8,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
\\^  of  an  inch  in  diameter.    But  in  the  early  spring,  when  the 
son  of  reprodaction  approaches,  the  ovaries  will  be  found  in- 
B8ed  to  four  or  five  times  their  former  size,  and  forming  large 
Dbulated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ag  i'.|  of  an  inch  in  diameter.     At  the  approach  of  the  generative 
>n,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
previously  in  an  imperfect  and  inactive  condition,  begin  to 
in  size  and  become  somewhat  altered  in  structure*    The 
itellufl  more  especially,  which  was  before  colorless  and  transparent, 
jmes  granular  irr  texture  as  well  as  increased  in  volume;  and 
imes  at  the  same  time,  in  many  species  of  animals,  a  black. 
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at  its  bottom  a  email  globular  masa,  like  the  head  of  the  Tscia, 
provided  with  suckers  and  hooka,  and  supported  upon  &  short 
slender  neck.  If  the  outer  investing  eao  be  removed,  the  ntrtow 
canal  just  described  may  be  everted  by  careful  manipalatioiu  «uid 
the  para,site  will  then  appear  as  in  Fig.  178,  with  the  head  and  neck 
resembling  those  of  a  Tfienia,  but  terminating  behind  in  a  drop^cal 
sac-like  swelling,  instead  of  the  chain  of  articulations  which 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  Kiichenmeisl^ 
Siebold,  and  others,  that  the  Cysticercus  is  only  the  imperfect! 
developed  embryo,  or  young,  of  the  Tasnia.    When  the  mature ' 
articulation  of  the  tapeworm  is  thrown  oft',  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.    The  articulation,  oontsttk* ' 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  the  j 
stomach  of  another  animal ;  the  substance  of  the  articulation,  to* } 
gether  with  the  external  covering  of  the  eggs,  is  destroyed  by  di*] 
gestion,  and  the  embryos  are  thus  set  free.    They  then  penetiste  J 
through  the  walls  of  the  stomach,  into  the  neighboring  organi  Of  < 
the  areolar  tissue^  and  becoming  encysted  in  these  situations,  ttxt 
there  developed  into  cysticerci,  as  represented  in  Fig.  172.     After- 
ward, the  tissues  in  which  they  are  contained  being  devoured  hj  J 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itaclf  V 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  produces 
the  long  tape-like  series  of  articulations,  by  which  it  is  finaUy  <^<3&- J, 
verted  into  the  full-grown  Taenia.  m 

Prof.  Siebold  found  the  head  of  the  Cysticercus  fasciolaris,  met 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  resem* 
blance  to  the  T^nia  crassicollis,  inhabiting  the  intestine  of  the  cat» 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.    This 
identity  was,  in  fact,  proved  by  the  experiments  of  KUchenmeister;  X 
and  Siebold  afterward  demonstrated^  the  same  relation  to  cxi«  ^ 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rah-     . 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog*    This  ■ 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  the^ 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  milk ;  aad 
on  killing  the  dogs,  at  various  periods  after  the  meal,  ftom  thiw 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  stages  of 


*  In  Btiffato  Medio&t  Joumst,  F«h.  1853 ;  also  tn  Siebold  on  Tap«  and  Cplit 
^oniia,  Sjd^Dbain  tninaUtioii:  London,  1851,  p.  St>. 
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development  in  the  intestine,  and  finally  converted  iota  the  full 
grown  Taenia,  with  complete  articulations  and  mature  eggs. 

Dr.  Kuchenmeister'  has  also  performed  the  same  experiment,  with 
cess,  on  the  human  subject.  A  number  of  cysticerci  were  ad' 
ministered  to  a  criminal,  at  different  periods  before  his  execution, 
varying  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  ten  young  taeniae  were  found  in  the 
intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
bf  Taenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister  *  have 
shown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
ae  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulossB ; 
IMS  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
leir  nature,  and  differ  only  in  the  manner  and  degree  of  their 
Bvelopment. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
enckart^^  that  Trichina  spiralis  ia  reproduced^  in  a  similar  manner, 
^y  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
cribed,  in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
perfectly cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
worm^  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
intestine,  and  acquires  fully  developed  sexual  organs;  —  so  that  the 
females,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
mascular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom* 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  repro- 
duction of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge, 
is  that  organized  beings^  animal  and  vegetable^  wherever  they  may  be 
ydundj  are  always  the  progeny  of  previously  existing  parents, 

I  *  On  Animal  aod  Vegetable  Parasiici,  Sydenbam  Iranilalioti:  London,  1857,  p. 
15.  >  Op,  oit,  p,  12a 

r*  Cnlersucbungen  ilber  TrlohiDa  spiralis.     Leipzig,  1600. 
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CHAPTER  II, 

ON  SEXUAL  GENERATION,  AND  THE  MODE  OF  ITS 
ACCOMPLISHMENT. 


Fig.  174. 


.^d 


e^'- 


The  fanction  of  generation  m  performed  by  means  of  two  sets  of 
organs^  each  of  which  giv^  origin  to  a  peculiar  product,  cupable 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.    These 

two  sets  of  organs,  belonging  to  the 
two  different  sexes^  are  called  the  male 
and  female  organs  of  generation.  The 
female  organs  produce  a  globular  body 
called  the  germ,  or<^^^^,  which  is  capable 
of  being  developed  into  the  body  of 
the  young  animal  or  plant ;  the  male 
organs  produce  a  substance  which  is 
necessary  to  fecundate  the  germ,  and 
enable  it  to  go  through  with  its  natural 
growth  and  development. 

Such  are  the  only  essential  and  oni- 
versal  characters  of  the  organs  of  gene- 
ration.   These  organs,  however,  exhibit 
various  additions  and  modifications  in  j 
different  classes  of  organized  bedngp^l 
while  they  show  throughout  the  same  * 
fundamental  and  essential  characters. 
In  the  flowering  plants,  for  example. 
the  blossom,  which  is  the  generative 
apparatus  (Fig.  174),  consists  first  of  t 
female  organ   containing  the  germ  {a\  situated  usually  upon  the 
highest  part  of  the  leaf-bearing  stalk.    This  is  surmounted  by  a 
nearly  straight  column,  termed  the  pistil  {h),  dilatetl  at  its  summit 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower. 
Around  it  are  arranged  several  slender  filaments,  or  stamens,  bear- 
ing upon  their  extremities  the  male  organs,  or  anthers  (c,  c).    The 


Pmprit  RTt.  (Uoralng  glory.)— a. 
a«rm.  6.  Plitll.  e.  «.  fiUmrtm,  vrltli 
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rhole  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
^colored  leaves,  termed  the  corolla  {(l)r  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e). 
The  anthend,  when  arrived  at  maturity,  discharge  a  fine  organic 
dost,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera- 
tion is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
fall  off,  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.  It 
ia  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 

imilar  to  the  old« 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
volvulus, &a  In  other  cases,  there  are  separate  male  and  female 
flowers  upon  the  same  plant,  of  which  the  male  flowers  produce 
only  the  pollen,  the  female,  the 


germ  and  fruit.    In  others  still, 

the  male  and  female  flowers  are 

situated  upon  different    plants, 

which  otherwise  resemble  each 

other,  as  in  the  willow,  poplar, 

and  hemp. 

^    In  animals,  the  female  organs 

^Bf  generation  are  called  ovaries, 

Hpnce  it  is  in  them  that  the  egg, 

^►r  "ovum,"  is  produced.    The 

male  organs    are   the    testicles, 

which  give  origin  to  the  fecun* 

dating    product,    or    "seminal 

fluid,*'  by  which  the  egg  is  fer- 

jzed.     We  have  already  men- 

Dned  above  that  in  the  articula- 


Fig.  175* 


>!M2a> /-,. 
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CllAitTCOLLtl,    Oum  •mftU  liil«ttUD«  of  CMt- 
fr,  4,  A.  OTiirj  fln«d  wilh  «inrc    ft>  TeMSolA.    e; 

GeoiUL  «rlltc«. 


ins  of  the  tapeworm  the  ovaries 

ad  testicles  are  developed  to- 

Bther.  (Fig.  176.)    The  ovary 

B,  a,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 

itremities,  and  communicating  with  each  other  by  a  central  canal, 
rhe  testicle  (6)  is  a  narrow,  convoluted  tube,  very  much  folded 
S4 
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upon  itselfr  which  opens  by  an  external  orifice  (c)  upon  die  lateral  I 
border  of  the  articulation,  about  midway  between  its  two  ex* 
tremities.  The  spermatic  fluid  produced  in  the  teaticle  i»  mXtst- 
duced  into  the  female  generative  passage,  which  opens  at  the  fis^im 
spot,  and,  penetrating  deeply  into  the  interior,  oomes  in  cooto<:t 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fcrtik 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of ' 
the  articulation,  and  a  vast  number  of  young  are  produced  by  thrir 
developmenL 

In  snails,  also^  and  in  some  other  of  the  lower  animals,  the  ovaries 
and  testicles  are  both  present  in  the  same  individual ;  eo  that  these 
animals  are  sometimes  sard  to  be  "  hermaphrodite,"  or  of  doahla 
sex*  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovariea 
are  first  developed  and  perform  their  function^  after  which  the  te*- 
tides  come  into  activity  in  their  turn.  The  same  individual,  there*  j 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  fimj 
female  and  afterward  male,  exercising  the  two  generative  func 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  generaiif 
organs   are   located  in  separate  individuals ;   and   the  spedies  : 
consequently  divided  into  two  sexes,  male  and  female.     All  th 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existeooel 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.     Beside  these, 
however,  there  are,  in  most  instances,  certain  secondary  or  acoo^ 
sory  organs  of  generation,  which  assist  more  or  less  in  the  Bcooa^ 
plishment  of  the  process,  and  which  occasion  a  greater  difiEereiioe  ii 
the  anatomy  of  the  two  sexes.     Such  are  the  uterus  and  mammijy 
glands  of  the  female,  the  vesicular  seminales  and  prostate  glislj 
of  the  male.    The  female  naturally  having  the  immediate  care  < 
the  young  after  birth,  and  the  male  being  occupied  in  provtt 
food  and  protection  for  both,  there  are  also  correspondlag  difisr-j 
ences  in  the  general  structure  of  the  body,  which  aflfect  the  wl 
external  appearance  of  the  two  sexes,  and  which  even  show  tlieiii- 
selves  in  their   mental   and   moral,  as  well  as  in  their  pbyiieil 
characteristics.     In  some  cases  this  difference  is  so  excessire  tkl. 
the  male  and  female  would  never  be  recognised  as  belonging  to  tbl 
same  species,  unless  they  were  seen  in  company  with  each  otbd^] 
Not  to  mention  some  extreme  instances  of  this  among  insecta  ssd^ 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  vell^ 
known  examples  of  the  cock  and  the  hen,  the  lion  and  lionofl^  ifcij 
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development  in  the  intestioc,  and  finally  converted  into  tbe  fiill 
grown  Taenia,  with  complete  articulations  and  mature  eggs. 

Dr»  Kiichenmeister'  has  also  perfornjed  tbe  same  experiment,  with 
success^  on  the  human  subject.  A  number  of  cysticerci  were  ad- 
ministered to  a  criminal,  at  different  periods  before  his  execution, 
varying  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  tea  young  tseniie  were  found  in  the 
inteMine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Tseoia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister*  have 
own  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
e  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosao; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  dijffer  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
Leuckart,'  that  Trichina  spiralis  is  reproduced^  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
perfectly cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
worm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
intestine,  and  acquires  fully  developed  sexual  organs;  —  so  that  the 
females,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
muscular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom* 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  repro- 
duction of  this  class  of  animals,  the  direct  investigations  oF  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge. 
is  that  organized  beings^  animal  and  vegetable,  wherever  they  may  he 
/ouThdf  are  always  the  progeny  of  previously  existing  parents, 

1  Oa  Animal  ftod  VegeUble  PnraeUei,  Sydenliani  tmnaUtioii :  London.  1857,  p, 
116.  »0p.  ciL,  p.  J  20. 

*  CalertuehuDgen  ilber  Trichina  spirAlis.     Le'tpiig,  1860. 


528 


B£XUAL   OSNEBATIOJI. 


CHAPTER  II, 

ON  SEXUAL  OENEBATIOK  A^D  THE  MODE  OF  ITS 
ACCOMPLISHMENT. 


Pig.  174, 


The  function  of  generation  is  performed  by  means  of  two  sets  of 
atgsn^  each  of  which  gives  origin  to  a  peculiar  product,  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.    These 

two  sets  of  organs,  belonging  to  the 
two  different  sexes,  are  called  the  male 
and  female  organs  of  generation.  The 
female  organs  produce  a  globular  body 
called  the  germ,  or  egg,  which  is  capable 

<?i-  '"%'1#  Al/i' '^        of  being  developed  into  the  body  of 

the  young  animal  or  plant ;  the  male 
organs  produce  a  substance  which  ti 
necessary  to  fecundate  the  germ,  and 
enable  it  to  go  through  with  its  natural 
growth  and  development. 

Such  are  the  only  essential  and  mii- 
versal  characters  of  the  organs  of  gene* 
ration.  These  organs,  however,  exhibit 
various  additions  and  modificatians  in 
diflferent  classes  of  organized  bein^ 
while  they  show  throughout  the  same 
fundamental  and  essential  characters. 


OcTBL    6,  rutil.    e.  c.  SUmcnii,  with 
KuUier*.    d.  Carol  111.    e.  C^\jx. 


In  the  flowering  plants,  for  example,'fl 


the  blossom,  which  ia  the  generative' 
apparatus  (Pig,  174),  consists  first  of  a 
female  organ  containing  the  germ  (a),  situated  usually  upon  the 
highest  part  of  the  leaf-bearing  stalk.  This  is  surmounted  by  a 
nearly  straight  column,  termed  the  pistil  (^),  dilated  at  its  summit 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower. 
Around  it  are  arranged  several  slender  filaments,  or  stamens.  Ixsar- 
»ng  upon  their  extremities  the  male  organs,  or  anthers  (cjc).    The 
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Yitelline  membrane,  however,  is  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two. 

The  vitellus  (b)  is  a  globular,  semi-solid  mass,  contained  within 
the  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  sab- 
stance,  with  an  abundance  of  minute  molecules  and  oleaginous 
granules  scattered  through  it.  These  minute  oleaginous  masses 
give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope.  Imbedded  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
^  clear,  colorless,  transparent  vesicle  (r)  of  n  rounded  form,  koo\vn 
^■lis  the  germmativt  vesicle.  In  the  egg  of  the  human  subject  and  of 
^■ihe  quadrupeds,  this  vesicle  measures  ^Jg  to  j^^  of  an  inch  in 
^Bdiameter.  It  presents  upon  its  surface  a 
dark  spot,  like  a  nucleus  (t^,  which  is  known 
by  the  name  of  the  gcrminatwe  spot    The 

Kerminative  vesicle,  with  its  nucleuslike 
pol^  IS  often  partially  concealed  by  the 
granules  of  the  \ntellu8  by  which  it  iff  sur- 
unded,  but  it  may  always  be  discovered 
\j  careful  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
sure under  the  microscope,  the  vitellus  is 
seen  to  have  a  gelatinous  consistency.     It 
is  gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 
^jflobules  entangled  in  its  subi^tance.  (Fig.  177.)    The  edges  of  the 
^^■actured  vitelline  membrane,  under  these  circumstances,  present  a 
'     smooth  and   nearly  straight  ontline,  without  any  appearance  of 
laceration  or  of  a  fibrous  structure.     The  membrane  is,  to  all  ap- 

Mearance,  perfectly  homogeneous. 
The  most  essential  constituent  of  the  egg  is  the  vitellus.    It  is 
'om  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
formed,  and   the  organs  of  the  new  individual  developed.     The 
itelline  membrane  is  merel}^  a  protective  inclosure,  intended  to 
ore  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
lanng  the  early  periods  of  development. 

The  egg,  as  above  described,  consists  therefore   of  a  simple 

it-ell  us  of  minute  size,  and  a  vitelline  membrane  inclosing  it.    It 

such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 

s,  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 

animals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 


Fig,  177. 
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upon  itself*  wbicli  opens  by  an  external  orifice  (c)  opdn  tte  lateral 
border  of  the  articulatioo,  about  midway  between  its  two  ex* 
tremities.  The  eperraatic  fluid  produced  in  the  testicle  b  intro- 
duced into  the  female  generative  passage,  which  opens  at  the  same 
8pot>  and,  penetrating  deeply  into  the  interior,  comes  in  contact 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fertile»j 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of  | 
the  articulation,  and  a  vast  number  ot  young  are  produced  by  their] 
developmentv 

In  snails,  also,  and  in  some  other  of  the  lower  animals,  the  ovaries  I 
and  testicles  are  both  present  in  the  same  individual ;  so  that  these 
animals  are  sometimes  said  to  be  "  hermaphrodite,"  or  of  double 
sex.  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovaries 
are  first  developed  and  perform  their  function,  afler  which  the  tes- 
ticles come  into  activity  in  their  turn.  The  same  individual,  there- 
fore, is  not  both  male  and  female  at  any  one  time;  but  is  first 
female  and  afterward  male,  exercising  the  two  generative  functions  j 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  generative! 
organs   are   located   in  separate  individuals;   and   the  species  isl 
consequently  divided  into  two  sexes,  male  and  female.    All  thatj 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.    Beside  theses 
however,  there  are,  in  most  instances,  certain  secondary  or  acoee^ 
sory  organs  of  generation,  which  assist  more  or  less  in  the  accom- 
plishment of  the  process,  and  which  occasion  a  greater  difference  in 
the  anatomy  of  the  two  sexes.     Such  are  the  uterus  and  mammaiy 
glands  of  the  female,  the  vesiculae  seminales  and  prostate  gland 
of  the  male.     The  female  naturally  having  the  immediate  care  of 
the  young  after  birth,  and  the  male  being  occupied  in  providing 
food  and  protection  for  both,  there  are  also  corresponding  differ- 
ences in  the  general  structure  of  the  body,  which  affect  the  whole 
external  appearance  of  the  two  sexes,  and  which  even  show  them- 
selves in  their    mental   and   moral,  as  well  as  in  their   physical 
characteristics.    In  some  cases  this  difference  is  so  excessive  that 
the  male  and  female  would  never  be  recognized  as  belonging  to  the  j 
same  species,  unless  they  were  seen  in  company  with  each  othcr^ 
Not  to  mention  some  extreme  instances  of  this  among  insecta  and 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  well- 
known  examples  of  the  cock  and  the  hen,  the  lion  and  lioness^  the 
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Fig.  178. 


which  are  dcstiDed  to  receive  the  eggs  at  their  internal 
^treroity  and  convey  them  to  the  external  generative  orifice.  The 
lucous  membrane  lining  the  oviducts  is  also  intended  to  supply 
srtain  secretions  during  the  passage  of  the  egg,  which  are  requi- 
Ite  either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
Df  the  embryo. 

In  the  frog,  for  example,  the  oviduct  commences  at  the  npper 
part  of  the  abdomen,  by  a  rather  wide  orifice^  which  communicates 
directly  with  the  peritoneal  cavity.     It 
Boon  after  contracts  to  a  narrow  tube, 
and  pursues  a  zigzag  course  down  the 
tide  of  the  abdomen  (Fig,  178),  folded 
apon    itself    in    convolutions,    like   the 
small  intestine,  until  it  opens,  near  its 
ellow   of   the    opposite   side,   into  the 
*  cloaca^^  or  lower  part  of  the  intestinal 
aal.     The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
^aad  birds ;  though  there  are  some  modi- 
Ications,  in  particular  instances,  which 
'  not  require  any  special  notice. 
The  ovaries,  as  well  as  the  eggs  which 
ley  contain,  undergo  at  particular  sea- 
sons a  periodical  develojiraent  or  increase 
ia  growth.     If  we  examine  the  female 
frog  in  the  latter  part  of  summer  or  the 
wc  shall  find  the  ovaries  presenting 
^  appearance  of  small  clusters  of  minute  and  nearly  colorless 
B,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
yjiy  of  an  inch  in  diameter.    But  in  the  early  spring,  when  the 
seaaon  of  reproduction  approaches^  the  ovaries  will  be  found  in- 
creased to  four  or  five  times  their  former  size,  and  forming  large 
lobulated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ig  y'j  of  an  inch  in  diameter.     At  the  approach  of  the  generative 
3n,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
rere  previously  in  an  imperfect  and  inactive  condition,  begin  to 
increase  in  size  and  become  somewhat  altered  in  structure.    The 
Yitellus  mora  especially,  which  was  before  colorless  and  transparent, 
>rae8  granular  iir  texture  as  well  as  increased  in  volume;  and 
at  the  same  time,  in  many  species  of  animals,  a  black, 
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at  its  bottom  a  small  globular  masa^  like  the  head  of  the  Tm&i% 
provided  with  suckers  and  hooka,  and  supported  upon  a  nhoiX 
fileoder  neck.  If  the  outer  investing  sac  be  removed,  the  imrrow 
eaaal  just  described  may  be  everted  by  careful  manipnlatioQ,  and 
the  pars^ite  will  then  appear  as  in  Fig.  173,  with  the  head  and  neck 
resembling  those  of  a  Taenia,  but  terminating  behind  in  a  dropsical 
sac-like  swelling,  instead  of  the  chain  of  articulations  which  ^^i 
characteristic  of  the  fully  formed  tapeworm.  I^H' 

Now  it  has  been  shown,  by  the  experiments  of  Ktichcnmeister,  ' 
Siebold,  and  others,  that  the  Cystioercus  is  only  the  imperfectly 
developed  embryo^  or  young,  of  the  Taenia.  When  the  tnaluit 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation,  oanuia* 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food^  into  the 
stomach  of  another  animal ;  the  substance  of  the  articulation^  to- 
gether  with  the  external  covering  of  the  eggs,  is  destroyed  by  dip 
gestioo,  and  the  embryos  are  thus  set  free.  They  then  peoetrile 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  W 
the  areolar  tissue,  and  becoming  encysted  in  these  situations,  are 
there  developed  into  cysticerci,  as  represented  in  Fig.  172.  Aite- 
ward,  the  tissues  in  which  they  are  contained  being  devoured  by 
a  third  animal,  the  eysticercus  passes  into  the  intestine,  fixes  itself 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodaoes 
the  long  tape-like  series  of  articulations,  by  which  it  is  finally  con* 
verted  into  the  full-grown  Taenia. 

Prof.  Siebold  found  the  head  of  the  Cysticercus  fasciolarisv  GOCi 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  rcscm* 
blance  to  the  Taenia  crassicoUis,  inhabiting  the  intestine  of  the  a^ 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.    Tba    ^ 
identity  was,  in  fact,  proved  by  the  experiments  of  Kiichenmdstet'rS 
and  Siebold  afterward  demonstrated^  the  same  relation  to  exin  ^ 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  tab- 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog,    Tlia 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  the 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  niilk ;  mi 
on  killing  the  dogs,  at  various  periods  after  the  meaT^  ttom  thiol 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  staged  of 


■  In  BiiflTalo  Mcvllc&l  Journal,  F«b.  1653;  alio  tn  Siebold  on  Tape  and  CfM 
WoriDK,  Sydenham  tr&QB lotion :  Londoti,  1857,  p.  60. 
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ieTelopment  in  the  intestine,  and  finally  converted  into  the  full 
^grown  T^nia^  with  complete  articulations  and  mature  eggs. 

Dr.  Kiichenmeister'  has  also  performed  the  same  experiment,  with 
on  the  human  subject.  A  number  of  cysticeroi  were  ad- 
ninistered  to  a  criminalp  at  different  periods  before  his  execution^ 
rarying  from  12  to  72  hours;  and  upon  post-mortem  examination 
&f  the  body,  no  less  than  ten  young  tsduise  were  found  in  the 
Intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
>f  Tsenia  aolium* 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister'  hare 
shown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
the  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosjB ; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
Itheir  nature,  and  differ  only  in  the  manner  and  degree  of  their 
Jevelopraent. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
Leuckart^'  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
)y  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
?ribed,  in  an  encysted  and  sexless  condition^  in  the  muscular  tissue 
'  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
bf  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im» 
erfectly  cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
Irorm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
ine,and  acquires  fully  developed  sexual  organs;  —  so  that  the 
les,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
inscular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom- 
ich  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
7en  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion- Whatever  obscurity  may  hang  round  the  origin  or  repro- 
duction of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
>bable  opinion,  from  the  facts  at  present  within  our  knowledge, 
that  organized  beings,  animal  and  vejetabkf  tuherever  they  may  6€ 
iTidf  are  always  the  progeny  of  previously  existing  parents, 

*  On  AaimAl  aod  Vegetubte  Piir&aitei,  Sjd«iibaiii  trftQaUtioD:  London  1857,  p 
|16.  "Op.  ciL,  p,  3  20. 

*  *  Vntersuchungen  uber  Triobinft  spirAliB,     LQipiigt  IS60. 
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CHAPTER  II. 

ON  SEXUAL  GENERATION,  AND  THE  MODE  OF 
ACCOMPLISHMENT. 

The  function  of  generation  is  performed  by  means  of  two 
organs,  each  of  which  gives  origin  to  a  peculiar  product,  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individuaL    The» 

two  nets  of  organs,  belonging  to  th« 
two  difl'erent  sexes^  am  called  the  mftk 
and  female  organs  of  generalioii*  H^ 
female  organs  produce  a  globular  bod/ 
called  the  germ,  or  egg,  which  id  capabk 
of  being  developed  into  the  body 
the  young  animal  or  plant ;  the 
organs  produce  a  substance  which 
necessary  to  fecundate  the  genome 
enable  it  to  go  through  with  its 
growth  and  development 

Such  are  the  only  essential  and  uni- 
versal characters  of  the  organs  of  gmfr 
ration.  These  organs^  however^  exhfbii 
various  additions  and  modifications  tfi 
diSerent  classes  of  organized  beinga 
while  they  show  throughout  the  saoi 
fitndamental  and  essential  cliaraotefs. 

In  the  flowering  plants,  for  exajn] 
the  blossom,  which  is  the  genefali^ 
apparatus  \?\g.  174).  conmste  flrrt  df 
female  organ    contaiQing  the  germ  {a\  situated  usually  upon  the 
highest  part  of  the  leaf-bearing  stalk.    This  is  surmounted 
nearly  straight  column,  termed  the  pistil  {h),  dilated  at  ita  sumi 
into  a  globular  expansion,  and  occupying  the  centre  of  the  fl< 
Around  it  are  arranged  several  slender  6  laments,  or  stamciifl,  be»r 
ing  upon  their  extremities  the  male  organs^  or  anthers  (c,  r)*    Htf 
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^ole  13  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
Dlored  leaves,  termed  the  corolla  (rf),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (c). 
The  anther»^  when  arrived  at  maturity,  discharge  a  fine  organic 
dust,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  ita  lower  extremity  and  come  in  contact 
i^ith  the  germ.  The  germ  thus  fecundated^  the  process  of  genera- 
tion is  accoraplbhed.  The  pistil,  anthers^  and  corolla  wither  and 
fall  oS)  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.  It 
is  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
imilar  to  the  old. 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
toItuIus,  &a  In  other  cases,  there  are  separate  male  and  female 
flowers  upon  the  same  plant,  of  which  the  male  flowers  produce 
only  the  pollen,  the  female,  the 
germ  and  fruit.    In  others  still,  ^*^  ^^^' 

the  male  and  female  flowers  are 

^^tuxtted   upon  difierent    plants, 

^Brfaich  otherwise  resemble  each 

^^toer.  as  in  the  willow,  poplar, 

^■md  hemp, 

V  In  animals,  the  female  organs 
of  generation  are  called  ovaries, 
since  it  is  in  them  that  the  egg, 
or  '*ovum,"  ia  produced.  The 
male  organs    are   the    iesticlea, 

^^bieh  give  origin  to  the  fecun- 

P^ating  product^  or  **  seminal 
fluid,-'  by  which  the  egg  is  fer- 
tilized. We  have  already  men- 
tioned above  that  in  the  articula- 
tions of  the  tapeworm  the  ovaries 
and  testicles  are  developed  to- 
gether. (Fig.  175.)    The  ovary 

£a,  a,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
ttremities,  and  communicating  with  each  other  by  a  central  canal. 
PUe  testicle  {h)  is  a  narrow,  convoluted  tube,  very  much  folded 
34 
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upon  itself,  which  opeaa  by  an  external  orifice  (c)  npon  llie  kleial 
border  of  the  articulation,  about  midway  between  its  two  ex* 
tremities.  The  spermatic  fluid  produced  in  the  teaticle  18  mVtih 
duced  into  the  female  generative  passage,  which  opens  at  the  saoA 
spot»  and,  penetrating  deeply  into  the  interior,  comes  in  contact 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fiertik 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vast  number  of  young  are  produced  by  tbeir 
development. 

In  snails,  also,  and  in  some  other  of  the  lower  animals,  the  ovaries 
and  testicles  are  both  present  in  the  same  individual ;  so  that  thesal 
animals  are  sometimes  said  to  be  "  hermaphrodite,'^  or  of  double  I 
sex.     In  reality,  however,  it  appears  that  the   male  and   fema 
organs  do  not  come  to  maturity  at  the  same  time;  but  the  ovar 
are  first  developed  and  perform  their  function,  after  which  the  te»-^ 
tides  come  into  activity  in  their  turn*    The  same  individual,  the 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is 
female  and  afterward  male,  exercising  the  two  generative  functiooa] 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  genermtifvj 
organs  are  located  in  separate  individuals ;  and  the  q>ecies  if 
consequently  divided  into  two  sexes,  male  and  female.  All 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside 
however,  there  are,  in  most  instances,  certain  secondary  or 
sory  organs  of  generation,  which  assist  more  or  less  in  the  : 
plishment  of  the  process,  and  which  occasion  a  greater  difiereooe  i 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  mammaiT 
glands  of  the  female,  the  vesicul^  seminales  and  prostate  gkod 
of  the  male.  The  female  naturally  having  the  immediate  care  of  _ 
the  young  after  birth,  and  the  male  being  occupied  in  provid 
food  and  protection  for  both,  there  are  also  corresponding  difl(sr<| 
ences  in  the  general  structure  of  the  body,  which  aSecl  the  wli 
external  appearance  of  the  two  sexes,  and  which  even  show  iheia-j 
selves  in  their  mental  and  moral,  as  well  as  in  their  pby»k 
characteristics.  In  some  cases  this  difference  is  so  exoessive 
the  male  and  female  would  never  be  recognized  as  belonging  to  i 
same  species,  unless  they  were  seen  in  company  with  each  dber^ 
Not  to  mention  some  extreme  instances  of  this  among  insects  lai 
other  invertebrate  animals,  it  will  be  sufKcient  to  refer  to  the  well- 
known  examples  of  the  cock  and  the  hen,  the  lion  and  Hooen,  thi 
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>rbs  the  water  ia  which  the  spawn  is  deposited,  and  swells  up 

^to  a  transparent  gelatinous  mass,  in  which  the  eggs  are  separately 

imbedded.     This  substance  supplies,  by  its  subsequent  liquefaction 

and  absorption^  a  certain  amount  of  nutritious  material,  during  the 

development  and  early  growth  of  the  embryo. 

In  the  terrestrial  reptiles  and  in  birds,  the  oviducts  perform  a 
still  more  important  secretory  function.  In  the  common  fowl,  the 
ovary  consists,  as  in  the  frog,  of  a  large  number  of  follicles,  loosely 
eonnected  by  areolar  tissue,  in  which  the  eggs  can  be  seen  in  difterent 
stages  of  development  (Fig.  180,  a.)  As  the  ^gg  which  is  approfich* 
ag  maturity  enlarges,  it  distends  the  cavity  of  its  follicle,  and  pro- 
fcjects  farther  from  the  general  surface  of  the  ovary ;  so  that  it  hanga 
last  into  the  peritoneal  cavity,  retained  only  by  the  attenuated 
^all  of  the  follicle,  and  a  slender  pedicle  through  which  run  the 
bloodvessels  by  which  its  circubtion  is  supplied.  A  rupture  of  the 
follicle  then  occurs,  at  its  most  prominent  part,  and  the  egg  ii^  dis- 
charged from  the  lacerated  opening. 

At  the  time  of  its  leaving  the  ovary,  the  egg  of  the  fowl  consijsts 
of  a  large,  globular,  orange-colored  vitellus,  or  "yolk/'  inclose^l  in 
a  thin  and  transparent  vitelline  membrane.  Immediately  under- 
neath the  vitelline  membrane,  at  one  point  upon  the  surface  of  the 
vitellus,  is  a  round  white  spot^  consiisting  of  a  layer  of  minute 
granules,  termed  the  " cicatricula."  It  is  in  the  central  part  of  the 
cicatricula  that  the  germi native  vesicle  is  found  imbedded,  at  an 
irly  stage  of  the  development  of  the  egg.  At  the  time  of  its 
discharge  from  the  ovary,  the  germinative  vesicle  has  usually  dis- 
ppeared;  but  the  cicatricula  is  still  a  very  striking  and  important 
-  of  the  vitellus,  as  it  is  from  this  spot  that  the  body  of  the  chick 
fins  afterward  to  be  developed. 

At  the  same  time  that  the  egg  protrudes  from  the  surface  of  the 
irary,  it  projects  into  the  inner  orifice  of  the  oviduct ;  so  that,  when 
lischarged  from  its  follicle,  it  is  imme<liately  embraced  by  the  upper 
fringed  extremity  of  this  tube,  and  commences  its  passage  down- 
ward. In  the  fowl^  the  muscular  coat  of  the  oviduct  is  highly  deve- 
loped, and  its  peristaltic  contractions  gently  urge  the  egg  from  above 
downward,  precisely  as  the  oesophagus  or  the  intestines  transport 
the  food  in  a  similar  direction.  While  passing  through  the  first 
two  or  three  inches  of  the  oviduct  (c,  rf),  where  the  mucous  mem- 
brane is  smooth  and  transparent^  the  yolk  merely  absorbs  a  certain 
aantity  of  fluid,  so  as  to  become  more  flexible  and  yielding  in  con- 
ey.   It  then  passes  into  a  second  division  of  the  generative 
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canal,  in  which  the  mncoua  membrane  is  thick  and  glandular  in 
texture^  and  is  also  thrown  into  numerous  longitudinal  folds,  whicli 
project  into  the  cavity  of  the  oviduct.  This  portion  of  the  oviduct 
(dj  e)t  extends  over  about  nine  inches  of  its  entire  length.  In  iti 
upper  part,  the  mucous  membrane  secretes  a  viscid  miit«rial^  by ' 
which  the  yolk  is  encased,  and  which  soon  consolidates  into  a  gda- 
tinous,  membranous  deposit ;  thus  forming  a  second  homogeDeous 
layer,  outside  the  vitelline  mcmbrane. 

Now  the  peristaltic  movements  of  this  part  of  the  oviduct  are 
such  as  to  give  a  rotary,  as  well  as  a  progressive  motion  to  the 
egg;  and  the  two  extremities  of  the  membranous  layer  described 
above  become,  accordingly,  twisted  in  opposite  directions  into  two 
fine  cords,  which  run  backward  and  forward  from  the  opposite  poles 
of  the  egg.  These  cords  are  termed  the  "  chalazae,"  and  the  mem- 
brane with  which  they  are  connected,  the  "  chalaziferous  membniae.'*| 

Throughout  the  remainder  of  the  second  division  of  the  ovidiici;! 
the  mucous  membrane  exudes  an  abundant^  gelatinous,  albuininoidj 
substance^  which  is  deposited  in  successive  layers  round  the  joIk,J 
inclosing  at  the  same  time  the  chalaziferous  membrane  and  ibel 
chalaza©.    This  substance,  which  forms  the  so-called  albameOiOrl 
'*  white  of  egg/'  is  semi^solid  in  consistency,  nearly  transparent^  aiid.*| 
of  a  faint  amber  color.     It  is  deposited  in  greater  abundance  in  front  * 
of  the   advancing   egg  than  behind  it,  and  forms  accordingly  a 
pointed  or  conical  projection  in  front,  while  behind,  its  outline  is 
rounded  off,  parallel  with  the  spherical  surface  of  the  yolk.     In  this 
way,  the  egg  acquires,  when  covered  with  its  albumen,  an  ovoid  j 
form,  of  which  one  end  is  round,  the  other  pointed;  the  pointed  j 
extremity  being  always  directed  downward,  as  the  egg  descends  j 
along  the  oviduct. 

In  the  third  division  of  the  oviduct  (/),  which  is  about  three  aod'^ 
a  half  inches  in  length,  the  mucous  membrane  is  arranged  in  longi- 
tudinal folds,  which  are  narrower  and  more  closely  packed  than  iai 
the  preceding  portion.  The  material  secreted  in  this  part,  and  de- 
posited upon  the  egg,  condenses  into  a  firm  fibrous  covering,  com-  j 
posed  of  three  different  layers  which  closely  embrace  the  surface  j 
of  the  albuminous  mass,  forming  a  tough,  flexible,  serai^opaqaej 
envelope  for  the  whole.  These  layers  are  known  as  the  externa^] 
middle,  and  internal  fibrous  membranes  of  the  egg. 

Finally  the  egg  passes  into  the  fourth  division  of  the  oviduct  (y^J 
which  is  wider  than  the  rest  of  the  canal,  but  only  a  little  over 
inches  in  length.    Here  the  mucous  membrane,  which  is  arroogod^ 
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vitelline  membrane,  however,  is  the  one  more  generally  adopted, 

and  is  also  the  more  appropriate  of  the  two. 

^^     The  vilellus  (b)  is  a  globular,  serai-solid  mass,  contained  within 

^■tbe  vitelline  membrane.    It  consists  of  a  colorless  albuminoid  sub* 

^V stance,  with  an  abundance  of  minute  molecules  and   oleaginous 

"  granules  scattered   through  it.     These  minute  oleaginous  masses 

give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 

the  microscope.     Imbedded  in  the  vitellus,  usually  near  its  surface 

I  and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 

lelear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form^  known 

[as  the  germinative  vesicle.     In  the  egg  of  the  human  subject  and  of 

Uhe  tjuadrupeds,  this  vesicle  measures  gj^  to  ^4^^  of  an  inch  in 

iameter.    It  presents  upon  its  surface  a 

3ark  spot>  like  a  nucleus  (t/),  which  is  known 

by  the  name  of  the  germinatwe  spot    The 

Fgerminative  vesicle,  with  its  nucleus- like 

spot,  is  often  partially  concealed  by  the 

^Kranules  of  the  vitellus  by  which  it  \<s  sur- 

grounded,  but  it  may  always  be  discovered 

by  carefbl  examination. 
II         If  the  egg  be  ruptured  by  excessive  pres- 
stire  under  the  microscope,  the  vitellus  is 
seen  to  have  a  gelatinous  consistency.     It 
is  gradually  expelled  from  the  vitelline 
cavity^  but  still  retains  the  granules  and  oil 
^^lobules  entangled  in  its  substance.  (Fig.  177.)    The  edges  of  the 
^Brractured  vitelline  membrane,  under  these  circumstances,  present  a 
^Bmooth  and   nearly  straight  outline,  without  any  appe^irance  of 
^Maceration  or  of  a  fibrous  structure.     The  membrane  is,  to  all  ap- 
pearance, perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
from  the  vitellus  thatjhe  body  of  the  embryo  will  afterward  be 
^formed,  and  the  organs  of  the  new  individual  developed.  The 
^nritelline  membrane  is  merely  a  protective  inclosure,  intended  to 
^Kecure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
Bcluring  the  early  periods  of  development. 

The  egg,  as  above  described,  consists  therefore   of  a   simple 

Ritellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.    It 
►  such  an  egg  which  is  found  in  the  human  subject^  the  quadru- 
eds^  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
animals^    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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seoces  manifests  itself.  This  u,  indeed,  more  or  less  the  ease  milk 
all  animals  and  with  all  vegetables.  The  blossom,  whick  is  diA 
sexual  apparatus  of  the  plant,  does  not  appear,  aa  a  general  rviit, 
until  the  growth  of  the  vegetable  has  continued  for  a  certain  limc^ 
and  it  has  acquired  a  certain  age  and  strengtL  Even  in  the  Immaa 
subject  the  sexual  organs,  though  present  at  birth,  are  still  very 
imperfectly  developed  as  to  size,  and  altogether  inactive  in  fimc- 
tion.  It  is  ouly  later  tliat  these  organs  acquire  their  full  growth, 
and  the  sexual  characters  become  complete-  In  very  many  of  the 
lower  animals  the  sexual  organs  are  entirely 
Fi«.  171.  absent  at  birth,  and  appear  only  at  a  huer 

period  of  development 

Now  the  encysted  or  sexless  entozoa  aro  ^ 
simply  the  undeveloped  young  of  other  pars- 
sites  which  propagate  by  sexual  generation ; 
the  membrane  in  which  they  are  inclosed 
being  either  an  embryonic  envelope,  or  else 
an  adventitious  cyst  formed  round  the  para- 
sitic embryo.  These  embryos  have  corner  in 
the  natural  course  of  their  migrations^  iota 
a  situation  which  is  not  suitable  for  their  com* 
plete  development*  Their  development  is 
accordingly  arrested  at  that  point;  and  the 
parasite  never  reaches  the  adult  oondittcuv 
until  removed  from  the  situation  in  which  it  | 
has  been  placed,  and  transported  to  another  I 

locality,  _  

The  above  explanation  has  been  dcrocn* 
stratcd  to  be  the  true  one,  more  partkukrtr 
with  regard  to  the  Taenia,  or  tapeworm,  and 
several  varieties  of  Cysticercus.  The  TV^  ii 
(Fig,  171)  is  a  parasite  of  which  difiertent  fij>eci€:3 
are  found  in  the  intestine  of  the  human  subject 
the  dog,  cat,  fox,  and  other  of  the  lower  animttk 
tmwiA.  Its  upper  extremity,  termed  the  "  head^**  owi- 

fiists  of  a  nearly  globular  mas^  presentitig  upoa 
its  lateral  surfaces  a  set  of  four  muscular  disks,  or  "^  suckersy"  ai>d 
terminating  anteriorly  in  a  conical  projection  which  is  providal 
with  a  crown  of  curved  processes  or  hooks,  by  which  the  panaoto 
attaches  itself  to  the  intestinal  mucous  membrane^  To  this  **  h<sid** 
succeeds  a  slander  ribbon-shaped  neck,  which  is  at  first  smooth^  bot 
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icTi  soon  becomes  transversely  wrinkled,  and  afterward  divided 
;to  distinct  rectangular  pieces  or  "  articulations,"     These  articnla- 
ions  multiply  by  a  proceswS  of  successive  growth  or  budding,  from 
the  wrinkled  portion  of  the  neck ;  and  are  constantly  removed  farther 
and  farther  from  their  point  of  origin  by  new  ones  formed  behind 
Ihem.     As   they  gradually  descend,  by   the   process   of  growth, 
lartber  down  the  body  of  the  tapeworm,  they  become  larger  and 
begin  to  exhibit  a  sexual  apparatus,  developed  in  their  interior. 
In  each  fully  formed  articulation  there  are  contained  both  male 
and  female  organs  of  generation ;  and  t^e  mature  eggs,  which  are 
produced  in  great  numbers,  are  thrown  off  together  with  the  articu- 
lation itself  from  the  lower  extremity  of  the  tapeworm.     Since  th© 
^^articulations  are  successively  produced,  as  we  have  mentioned  above, 
^Wiy  budding  from  the  neck  and  the  back  part  of  the  head,  the  para- 
^Mite  cannot  be  effectually  dislodged  by  taking  away  any  portion  of 
V  the  body,  however  large ;  since  it  is  subsequently  reproduced  from 
the  head,  and  continues  its  growth  as  before.     But  if  the  head  itself 
be  ren[ioved  from  the  intestine,  no  further  reproduction  of  the  articu- 
lations can  take  place. 

The  Cy^iiccTciis  is  an  encysted  parasite,  different  varieties  of  which 

are  found  in  the  liver,  the  peritoneum,  and  the  meshes  of  the  areolar 

tissue  in  various  parts  of  the  body.     It  consists  (Fig.  172)  first,  of 

a  globular  sac,  or  cyst  (a),  which  is  not  adherent  to  the  tissues  of 

e  organ  in  which  the  parasite  is  found,  but  may  be  easily  sepa- 
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Fig*  173. 
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from  them.    In  its  interior  is  found  another  sac  {h\  lying 

jloose  in  the  cavity  of  the  former,  and  filled  with  a  serous  fluid, 

lis  second  sac  presents,  at  one  point  upon  its  surface,  a  puckered 

lepression,  leading  into  a  long,  narrow  canal  (r).     This  canal,  which 

formed  by  an  invohition  of  the  walls  of  the  second  sac,  presents 
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at  its  bottom  a  small  globular  mass,  like  the  head  of  the  Tsiii^ 
provided  with  suckers  and  hooks,  aud  supported  upon  a  short 
slender  neck.  If  the  outer  iovesting  sac  be  removed,  the  imrrow 
caaal  just  described  may  be  everted  by  careful  maDipuIatioa,  ind 
the  parasite  will  then  appear  as  in  Fig.  173,  with  the  head  and  neck 
resembling  those  of  a  TaBuia,  but  terminating  behind  in  a  dropsical 
sac-like  swelling,  instead  of  the  chain  of  articulatioofl  which  are 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  Kiichcnmcister, 
Siebold,  and  others,  that  the  Cysticercus  is  only  the  imperfedly 
developed  embryo,  or  young,  of  the  Tasnia.    When  the  matiire 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  eaeh  one 
contains  an  imperfectly  formed  embryo*     The  articulation,  contiisi* 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  tlw  | 
stomach  of  another  animal ;  the  substance  of  the  articulation,  tc^  ] 
gether  with  the  external  covering  of  the  eggs,  is  destroyed  by  di- 
gestion, and  the  embryos  are  thus  set  free.     They  then  penetrate 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue,  and  becoming  encysted  in  these  situation^  we 
there  developed  into  cysticerci,  as  represented  in  Fig.  172.     After* 
ward,  the  tissues  in  which  they  are  contained  being  devoured  bj 
a  third  animal,  the  cysticercus  passes  into  the  intestine.  fixes»  itattS  1 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodtMf  j 
the  long  tape-like  series  of  articulations,  by  which  it  i^  finally  oo^ 
verted  into  the  full-grown  Taenia, 

Prof,  Siebold  found  the  head  of  the  Cysticercus  fasciolaris^ 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  resem- 
blance to  the  Taenia  crassicollis^  inhabiting  the  intestine  of  tlie  cai 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.  Thk 
identity  was,  in  fact^  proved  by  the  experiments  of  KUcbenmeisler; 
and  Siebold  afterward  demonstrated*  the  same  relation  to  exist 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  mb- 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog.  Thii 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  the 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  mUk ;  aad 
on  killing  the  dogs,  at  various  periods  after  the  meal,  from  tlii« 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  sta^e*!^ 


<  In  Btiffnlo  Medio&l  Journal,  Feb,  1853;  Also  In  Siebold  on  T«pe  ana  v^^.j 

^ortii»,  SjdeDliam  tr&iiel&tloii :  Londoa,  1857,  p^  69. 
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ievelopment  in  the  intestine,  and  finally  converted  into  the  full 
^grown  Taenia,  with  complete  articulations  and  mature  egga. 

Dr.  Kiicbeiimeister*  has  also  performed  the  same  experiment,  with 
success^  on  the  human  Bubjectp  A  number  of  cysticerci  were  ad- 
linistered  to  a  criminal,  at  different  periods  before  his  execution, 
rarying  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  ten  young  taenisD  were  found  in  the 
intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Taenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister '  have 
lown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
be  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosae ; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
*uckartj^  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
erfectly  cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
rorm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
itestine,and  acquires  fully  developed  sexual  organs;  —  so  that  the 
bmales,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
ittscular  tissue^  where  they  become  encysted;  and  there  remain 
ithout  further  development,  until  again  transferred  into  the  stom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  repro* 
daction  of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect;  and  the  most 
robable  opinion,  from  the  facts  at  present  within  our  knowledge, 
that  organized  beings ,  animal  and  vegetable,  wherever  they  may  be 
/(rnndj  are  always  the  progeny  of  previously  existing  parenU. 

^  On  Animal  and  Vegetable  ParaBitei,  Sydenham  translation:  London.  1857,  p. 
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CHAPTER   II. 

IN  SEXUAL  GENEBATION,  AND  THE  MODE  OP  ITS 
ACCOMPLISHMENT, 

The  function  of  generation  is  peribrtned  by  means  of  two  0ete  d 
organs,  each  of  which  gives  origin  to  a  peculiar  product^  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individua].    Tlie»e 

two  sets  of  orpins,  belonging  lo  Uie 
two  different  sexes,  are  called  the  mak 
and  female  organs  of  generation*    Th« 
female  organs  produce  a  globular  body 
called  the  germ,  or  egg,  which  is  ecpabb 
of  being  developed  into  the  bodj 
the  young  animal  or  plant ;  the  mi 
organs  produce  a  substance  which 
necessary  to  fecundate  the  germ,  aol 
enable  it  to  go  through  with  ixa  naittni 
growth  and  development. 

Such  are  the  only  essential  and  tmi 
versal  characters  of  the  orgun^  of  geat-^ 
ration.    These  organs^  however,  exhf 
various  additions  and  modificatiocis 
different  classes  of  organlased  beinga 
while  they  show  throughout  the  mme 
fiindaraental  and  essemial  cbaracfen. 
In  the  flowering  plants^  for  exaxnpfe, 
the  blossom,  which  is  the  generaiivi^Mi 
apparatus  (Pig,  174^  cjonaists  flrstt  rf  9^ 
female  organ   containing  the  germ  (a\  situated  usually  opoQ  the 
highest  part  of  the  leaf*bearing  stalk.    This  is  surmounted  bf 
nearly  straight  column,  termed  tlie  pistil  (6),  dilated  at  its 
into  a  globular  expansion^  and  occupying  the  centre  of  the  flower^ 
Around  it  are  arranged  several  slender  filaments^  or  8t&ineii&  Uar- 
ing  upon  their  extremities  the  male  organs,  or  antheis  (cvc)*    The 
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i  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
red  leaves,  termed  the  corolla  (cQ,  which  is  frequently  provided 
I  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e). 
anthers,  when  arrived  at  maturity,  discharge  a  fine  organic 
^  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
emity  of  the  pistil,  and  then  penetrate  downward  through  its 
)fs&,  until  they  reach  its  lower  extremity  and  come  in  contact 
\  the  germ.  The  germ  thns  fecundated,  the  process  of  genera- 
is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
DflJ  while  the  germ  increases  rapidly  in  siase,  and  changes  in 
I  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.  It 
BO  ready  to  be  separated  frum  the  parent  stem ;  and,  if  placed 
p  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
far  to  the  old, 

\  the  above  instance,  the  male  and  female  organs  are  both 
^ted  upon  the  same  flower ;  as  in  the  lily,  the  violet,  the  con- 
tilus^  &o.  In  other  cases,  there  are  separate  male  and  female 
fers  upon  the  same  plant,  of  which  the  male  flowers  produce 
'  the  pollen,  the  female,  the 
I  and  fruit.    In  others  still,  ^^8*  ^^^* 

kiale  and  female  flowers  are 
^ted  upon  difiSarent    plants, 

k otherwise  resemble  each 
b  in  the  willow,  poplar, 
Kip* 
\  animals,  the  female  organs 
toeration  are  called  ovaries, 

fit  is  in  them  that  the  egg, 
ovum,"  is  produced.  The 
)  organs  are  the  iestidts, 
give  origin  to  the  fecun- 
product^  or  '*  seminal 
by  which  the  egg  is  fer- 
We  have  already  men- 
Id  above  that  in  the  articula- 
l^ifae  tapeworm  the  ovaries 
^■JQclea  are  developed  to- 
|ir  (Fig.  175.)     The  ovary 

is  a  series  of  branching  follicles  terminating  in  rounded 
iea,  and  communicating  with  each  other  by  a  central  canal. 
tide  (6)  is  a  narrow,  convoluted  tube,  very  much  folded 
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upoa  itself,  which  opeas  by  an  external  orifice  (c)  upon  the  I 
border   of  the  articulation,  about   midway  between   its  two-i 
tremities.     The  spermatic  fluid  produced  ia  the  testicle  is  iaUth 
duced  into  the  female  generative  passage,  which  opeoB  at  the  i 
spot^  and,  penetrating  deeply  into  the  interior,  oomes  in  coo 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  (trvit  \ 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vast  number  of  young  are  produced  by  their 
development 

In  snails,  also^  and  in  some  other  of  the  lower  animals,  the  ovaries 
and  testicles  are  both  present  in  the  same  individual;  so  that  these 
animals  are  sometimes  said  to  be  "  hermaphrodite,"  or  of  doubk 
sex.  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time;  but  the  0%'arie8 1 
are  first  developed  and  perform  their  function,  after  which  the  tea- 
tides  come  into  activity  in  their  turn.  The  same  individual,  there- 
fore, is  not  both  male  and  female  at  any  one  time;  but  is  fiistj 
female  and  afterward  male,  exercising  the  two  generative  fundioos  | 
at  difierent  ages* 

In  all  the  higher  animals,  however,  the  two  sets  of  genendus] 
organs  are  located  in  separate  individuals ;  and  the  species  ti| 
consequently  divided  into  two  sexes,  male  and  female.  All  thal^l 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existeaos 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside  iheee> 
however,  there  are,  in  most  instances,  certain  secondary  or  accct^J 
fiory  organs  of  generation,  which  assist  more  or  less  in  the  i 
plishment  of  the  process,  and  which  occasion  a  greater  difference  ia  I 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  tnammi 
glands  of  the  female,  the  vesicute  seminales  and  prostate  gb 
of  the  male.  The  female  naturally  having  the  immediate  can  < 
the  young  after  birth,  and  the  male  being  occupied  in  providti 
food  and  protection  for  both,  there  are  also  corresponding 
ences  in  the  general  structure  of  the  body,  which  affect  the ' 
external  appearance  of  the  two  sexes,  and  which  even  show  ti 
selves  in  their  mental  and  moral,  as  well  as  in  their  pbj 
characteristics.  In  some  cases  this  difference  b  so  exoeasivei 
the  male  and  female  would  never  be  recognized  as  belonging  tot 
same  species,  unless  they  were  seen  in  company  with  each  otto*  I 
Not  to  mention  some  extreme  instances  of  this  among  insects  $ai  I 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  writ  f 
known  examples  of  the  cock  and  the  hen^  the  lion  and  Uooee^  As 
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In  order  to  preserve  their  vitalitj^  the  spermatozoa  must  be 
kept  at  the  ordinary  temperature  of  the  body,  and  preserved 
from  the  contact  of  the  air  or  other  unnatural  fluids.  In  this  way, 
they  may  be  kept  without  difficulty  many  hours  for  purposes  of 
examination.  But  if  the  fluid  in  which  they  are  kept  be  allowed 
to  dry,  or  if  it  be  diluted  by  the  addition  of  water,  in  the  case  of 
birds  and  quadrupeda^  or  5f  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 
to  disintegrate. 

The  spermatozoa  are  produced  in  certain  glandular-looking 
organs,  the  testicles,  which  are  characteristic  of  the  male,  as  the  ova- 
rii are  characteristic  of  the  female.  In  man  and  all  the  higher 
animals^  the  testicles  are  solid,  ovoid-shaped  bodies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
'•seminiferous  tubes,^^ somewhat  similar  in  their  general  anatomical 
characters  to  the  tubuli  uriniferi  of  the  kidneys.  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  capillary  bloodvessels  and  a  little 
areolar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
the  external  surface  of  the  testicle,  and  pursue  an  intricately  con-* 
voluted  course  toward  its  central  and  posterior  part.  They  are  not 
strongly  adherent  to  each  other,  but  may  be  readily  uaravelled  by 
manipulation,  and  separated  from  each  other. 

Tlie  formation  of  the  spermatozoa,  as  it  takes  place  in  the 

K stance  of  the  testicle,  has  been  fully  investigated  by  Ktilliker, 
x>rding  to  his  observations,  as  the  age  of  puberty  approaches, 
beside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tubes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twenty  nuclei, 
with  nuclooli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  formed;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  at  first  developed  in  bundles 
of  ten  to  twenty,  held  together  by  the  thin  membranous  substance 

tch  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
of  the  vesicle,  and  then  fill  nearly  the  entire  cavity  of  tlie 
seminiferous  ducts,  mingled  only  with  a  very  minute  quantity  of 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
ways inclosed  in  the  interior  of  their  parent  vesicles;  they  are  libe- 
rated, and  mingled  promiscuously  together,  only  after  entering  the 
rete  testis  and  the  head  of  the  epididymis. 
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CHAPTER  in. 

ON    THE    EGG,    AND    THE    FEMALE    ORGANS   OF^ 
GENERATION. 

The  egg  is  a  globular  body  which  varies  considerably  in  gbe  h 
diSereut  claas80  of  animals,  accordiog  to  the  peculiar  oonditioos 
under  which  its  development  i^  to  take  place.  In  the  frog  it  mo^* 
suras  Vj  of  an  inch  in  diameter,  in  the  lamprey  j'j,  in  quadrupeds 
and  in  the  human  species  y^^.  It  consist^  first,  of  a  membranous 
external  sac  or  envelope,  the  viUlKnt  membrane;  and  secondly,  of  a 
spherical  mass  inclosed  in  its  interior,  called  the  vUellns, 

The  vitelline  membrarie  in  birds  and  reptiles  is  very  ihin^  measar* 
ing  often  not  more  than  j^in?  of  an  inch  in  thickness,  and  is  at  the 

same  time  of  a  somewhat  fibrous  texture. 
F*g^  ^76.  In  man  and  the  higher  animals^  on  the 

contrary,  it  is  perfectly  smooth^  structure- 
less and  transparent,  and  is  about  y^Vr  ^ 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance,  ii 
has  a  considerable  degree  of  resisunod 
and  elasticity*  The  egg  of  the  human 
subject,  for  example,  may  be  perceptibly 
flattened  out  under  the  microaoope  bf 
pressing  with  the  point  of  a  needle  upon 
the  slip  of  glass  which  covers  it ;  but  it 
still  remains  unbroken,  and  when  iha 
pressure  is  removed,  readily  resumes  its  globular  form.  When  the 
egg  i3  somewhat  flattened  under  the  microscope  in  this  way,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  iHtelliae 
membrane  is  increased,  and  it  then  appears  (Fig.  176)  as  a  ratlxr 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  thegnati* 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  it  has  some- 
times  received  the  name  of  the  *'  zona  pellucida,"     Tto  nasux  of 
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Fig.  177. 


Titelline  membrane,  however,  is  the  one  more  generally  odopted, 
and  is  also  the  more  appropriate  of  the  two, 
^^      The  viielltis  (6)  is  a  globular,  semi-solid  mass,  contained  within 
^1  the  vitelline  membrane.     It  consists  of  a  colorless  albuminoid  sub- 
^M  stance,  with  an  abundance  of  minute  molecules  and   oleaginous 
^P  granules  scattered   through  it.     These  minute  oleaginous  masses 
B  give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope.     Imbedded  In  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
clear*  colorless,  tranflparent  vesicle  (c)  of  a  rounded  form,  known 
as  the  germinatim  vesicle.     In  the  egg  of  the  human  subject  and  of 
the  quadrupeds*  this  vesicle  measures  gj,,  to  ^^^  of  an  inch  in 
diameter.    It  presents  upon  its  surface  a 
dark  spot,  like  a  nucleus  ((/),  which  is  known 
by  the  name  of  the  germinative  spoL     The 
germinative  vesicle,  with  its  nucleus-like 
spot,  is  often  partially  concealed  by  the 
granules  of  the  vitellus  by  which  it  i^  sur- 
rounded, but  it  may  always  be  discovered 
I  by  careful  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
sure under  the  microscope,  the  vitellus  is 
seen  to  have  a  gelatinous  consistency.     It 
|s   gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 
^^lobulea  entangled  in  its  substance,  (Fig.  177.)    The  edges  gf  the 
^practured  vitelline  membrane,  under  these  circumstances,  presents 
smooth  and   nearly  straight  outline,  without  any  appearance  of 
^^aceration  or  of  a  fibrous  stracture.     The  membrane  is,  to  all  ap- 
^Kearanoe,  perfectly  homogeneous. 

^M  The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
^irora  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
^formed,  and  the  organs  of  the  new  individual  developed.  The 
^vitelline  membrane  is  merely  a  protective  inclosure,  intended  to 
^necure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
Kburing  the  early  periods  of  development. 

KThe  egg,  as  above  described,  consists  therefor©  of  a  simple 
itellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.     It 
I  such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 
eds,  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
animals.    In  nearly  all  those  species*  in  fact,  where  the  fecundated 
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egga  are  deposited  and  batched  in  the  water,  as  well  a3  those  in 
which  they  are  retained  in  the  body  of  the  female  until  the  develop* 
ipent  of  the  young  ia  completed,  such  an  egg  as  above  described  k 
sufficient  for  the  formation  of  the  embryo ;  since  during  its  develop- 
ment it  can  absorb  freely,  either  from  the  water  in  which  it  floats, 
or  from  the  mucous  membrane  of  the  female  generative  organs*  the 
requisite  supply  of  nutritious  fluids.  But  in  birds  and  in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises,  &c,  where  the 
are  expelled  from  the  body  of  the  female  at  an  early  period, 
incubated  on  land,  there  is  no  external  source  of  nutrition,  to  pro- 
vide for  the  support  of  the  young  animal  during  its  developme&L 
In  these  instances  accordingly  the  vitellus,  or  "  yolk,"  as  it  is  called, 
is  of  very  large  size ;  and  the  bulk  of  the  egg  is  still  farther  in- 
creased by  the  addition,  within  the  iemale  genenitiva  paangea^  of 
layers  of  albumen  and  various  external  fibrous  and  cal 
envelopes*  The  essential  constituents  of  the  egg,  however^ 
remain  the  same  in  character,  and  the  process  of  embryonic  dcre^ 
lopmeiit  follows  the  same  general  laws  as  in  other  cades. 

The  eggs  are  produced  in  the  interior  of  certain  organs,  situated 
in  the  abdominal  cavity,  called  the  twanes.  These  organs  oooaifll 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  **  Gmafiin 
follicles/*  each  one  of  which  contains  a  single  egg.  The  follicles 
are  connected  with  each  other  by  a  quantity  of  vascular  areolar 
tissue,  which  binds  them  together  into  a  well-defined  and  coi 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum* 
egg  has  sometimes  been  spoken  of  as  a  "product,'^  or  even 
"secretion"  of  the  ovary.  Nothing  can  be  more  inappropi 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  regard' 
ovary  as  in  any  respect  resembling  a  glandular  organ.  The 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooUi  in  ila 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  femaliL 
It  is  destined  to  be  finally  separated  from  its  attachments  and 
thrown  oiT;  but  until  that  time,  it  is,  properly  speaking,  a  port  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portioa  of  tbft 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  cotioemed  ia 
the  production  of  the  eggs,  are  to  be  regarded  as  the  eaaentai 
parts  of  the  female  generative  apparatus.  Beside  them,  however, 
there  are  usually  present  certain  other  organs,  which  play  a  aaooo* 
dary  or  accessory  part  in  the  process  of  generation.  The  mom 
important  of  these  accessory  organs  are  two  symmetrical  tahtSt  or 
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Fig.  178, 
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^vtiitteii^  which  are  destined  to  receive  the  eggs  at  tlieir  internal 
ctrernity  and  convey  them  to  the  external  generative  orifice.  The 
iucoiis  membrane  lining  the  oviducts  is  also  intended  to  supply 
ertain  secretions  during  the  passage  of  the  egg^  which  are  requi- 
site either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
rf  the  embryo. 
In  the  frog,  for  example,  the  ovidact  oommences  at  the  tipper 
of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
tstly  with  the  peritoneal  cavit}^.  It 
after  contracts  to  a  narrow  tube, 
and  pursues  a  zigzag  course  down  the 
side  of  the  abdomen  (Fig.  178),  folded 
-Upon  itself  in  convolutions,  like  the 
aall  intestine,  until  it  opens,  near  its 
bIIow  of  the  opposite  side,  into  the 
'cloaca"  or  lower  part  of  the  intestinal 
aal.  The  oviducts  present  the  same 
aeral  characters  with  those  described 
ilbove,  in  nearly  all  species  of  reptiles 
id  birds ;  though  there  are  some  modi- 
fications, in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  w^hich 
they  contain,  undergo  at  particular  sea- 
sons a  periodical  development  or  increase 
ia  growth.  If  we  examine  the  female 
£rog  in  the  latter  part  of  summer  or  the 
we  shall  find  the  ovaries  presenting 

appearance  of  small  clusters  of  minute  and  nearly  colorless 
5,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
^Iv  of  an  inch  in  diameter.    But  in  the  early  spring,  when  the 
m  of  reproduction  approaches,  the  ovaries  will  l>e  found  in- 
to four  or  five  times  their  former  size,  and  forming  large 
>bulated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ing y'j  of  an  inch  in  diameter.     At  the  approach  of  the  generative 
season,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
were  previously  in  an  imperfect  and  inactive  condition,  begin  to 
[lorease  in  size  and  become  somewhat  altered  in  structure.    The 
Ktellus  more  especially,  which  was  before  colorless  and  transparent, 
Bcoraes  granular  iir  texture  as  well  as  increased  in  volume;  and 
imes  at  the  same  time,  in  many  species  of  animals,  a  black, 
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at  its  bottom  a  small  globular  maa%  like  the  bead  of  the  Tssma, 
provided  with  suckers  and  hooka,  and  supported  upon  a  ^bort 
Blender  neck*  If  the  outer  investing  sac  be  removed,  the  narrow 
canal  just  described  may  be  everted  by  careful  manipulatiodp  and 
the  parasite  will  then  appear  as  in  Fig.  173,  with  the  head  and  neck 
resembling  those  of  a  Teeniaj  but  terminating  behind  \n  a  dropsical 
8ac4ike  swelling,  instead  of  the  chain  of  articulations  which 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown^  by  the  experiments  of  KiichenmeUter, 
Siebold,  and  others,  that  ihe  Cysticercus  is  only  the  imperfectly 
developed  embryo,  or  young,  of  the  Tsania*     When  the  mature 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  alreidy 
pas^d  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.    The  articulation,  ocnitaift- 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  thoJ 
stomach  of  another  animal;  the  substance  of  the  artioulatioii,  to- 1 
gether  with  the  external  covering  of  the  eggs,  is  destroyed  hj  dtj 
gestion,  and  the  embryos  are  thus  set  free.    They  then  {icnetiilij 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or* 
the  areolar  tissue,  and  becoming  encysted  in  these  situatians,  ilf  ^ 
there  developed  into  cysticerci.  as  represented  in  Fig.  172,     AftcJ*  fl 
ward,  the  tissues  in  which  they  are  contained  being  devoured  by  HI 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itself 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  produces 
the  long  tape-like  series  of  articulations,  by  which  it  is  finally  ooOf 
verted  into  the  full-grown  Taenia. 

Prof  Siebold  found  the  head  of  the  Cysticercus  faaciolari^  mrf 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  resent 
blance  to  the  Tsenia  crassicollis,  inhabiting  the  intestine  of  the  cii, 
that  he  was  led  to  believe  the  two  parasites  to  be  identicat  This 
identity  was,  in  fact^  proved  by  the  experiments  of  Kuchenmeistex; 
and  Siebold  afterward  demonstrated*  the  same  relation  to  exisi 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rab» 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog.  Tha 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  \ht\ 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  unth  milk ;  aad  ] 
on  killing  the  dogs,  at  various  periods  after  the  meal^  from  tk«6 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  stagies  of 


■  In  Baffklo  Medle&l  Jotim&l,  Pt»b.  1853 ;  also  in  Siebold  on  TAp«  aad  CjVik 
Worma,  SjdeDham  transUtlaa :  Loodon,  1857,  p^  59. 
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Jopment  in  the  intestlDC,  and  finally  conyerted  ioto  the  full 
gmwn  Tmnia,  with  complete  articulations  and  mature  eggs. 

Dr.  KucbeDroeister'  has  also  performed  the  same  experiment,  with 
success^  on  the  human  fiubject.  A  number  of  cysticerci  were  ad- 
minLilered  to  a  criminal,  at  different  periods  before  his  execution, 
varjing  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body«  no  less  than  ten  young  iasmsd  were  found  in  the 
intestine^  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Tsenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister  *  hare 
shown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
the  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosaa; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
Leuckart,'  that  Trichina  spiralis  is  reproduced^  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh  . 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
perfectly cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
worm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
intestine,  and  acquires  fully  developed  sexual  organs ;  —  so  that  the 
females,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  th© 
muscular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion- Whatever  obscurity  may  hang  round  the  origin  or  repro* 
d action  of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge, 
is  that  organized  beings,  animal  and  vegetahUf  wherever  ikey  may  bf. 
/ound,  are  always  the  progeny  of  previously  existing  parents. 

1  On  Animal  mod  Vegetable  Parasitts,  Sydenham  traDBUlion;  tendon.  18&7,  p 
116*  »  Dp.  dtp  p.  120. 

>  Untenucbungen  iiber  Trichina  apiralij,     X^ipzig,  I  SCO. 
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CHAPTER  II; 

ON  SEXUAL  GENERATION,  AND  THE  MODE  OF  ITS 
ACCOMPLISHKENT. 


Pig.  174. 
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The  function  of  generation  is  performed  by  means  of  two  sctf  of 

organs,  each  of  which  gives  origin  to  a  peculiar  product^  capable , 

of  uniting  with  the  other  so  as  to  produce  a  new  iodividuaL    Tbe»| 

two  sets  of  organs,  belonging  to  the' 
two  diiJerent  sexes,  are  called  the  mak 
and  female  organs  of  generation*  The 
female  organs  produce  a  globular  body 
called  the  germ,  or  eg^,  which  is  capable 
of  being  developed  into  the  body  of 
the  young  animal  or  plant ;  the  mite 
organs  produce  a  substance  which  tf 
necessary  to  fecundate  the  germ,  aod 
enable  it  to  go  through  with  its  natiuil 
growth  and  development* 

Such  are  the  only  essential  and  uni- 
versal characters  of  the  organs  of  gai^ 
ration.  These  organs^  however,  exhilivl 
various  additions  and  modificatiosis  is 
dificrent  claaaes  of  organized  beingii 
while  they  show  throughout  the  suae 
fundamental  and  essential  cbaracteii^ 

In  the  flowering  plant%  for  exampk;  ] 
the  blossom,  which  is  the  genemtif 
apparatus  (Pig.  174),  consists  fir^  of  i 
female  organ  containing  the  germ  {a\  situated  usually  upCQ  the 
highest  part  of  the  leaf- bearing  stalk.  This  is  surmounted  by  I 
nearly  straight  column,  termed  the  pistil  (ft)»  dilated  at  its  summil 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flow«f,| 
Around  it  are  arranged  several  slender  filaments,  or  stameosi^  besr> 
Ing  upon  their  extremities  the  male  organs,  or  anthers  (cye).    Hm 
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whole  IS  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
colored  leaves,  termed  the  corolla  {d),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e). 
The  anthers,  when  arrived  at  maturity,  discharge  a  fine  organic 
dust,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  doi^Tiward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera* 
tion  is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
fidl  ofl^  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.  It 
is  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
similar  to  the  old. 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
volvulus, &a    In  other  cases,  there  are  separate  male  and  female 

lowers  upon  the  same  plant,  of  which  the  male  flowers  produce 

►nly  the  pollen,  the  female,  the 


Fig.  17&. 


n) 


germ  and  fruit.  In  others  still, 
the  male  and  female  flowers  are 
situated  upon  different  plants, 
which  otherwise  resemble  each 
otter,  as  in  the  willow,  poplar, 
and  hemp. 

In  animals,  the  female  organs 

I  of  generation  are  called  ovaries^ 
■iooe  it  is  in  them  that  the  egg, 
0r  "ovum,"  is  produced*    The 
male  organs    are   the    testicles, 
prhich  give  origin  to  the  fecun- 
dating   product^    or    *' seminal 
fluid,"  by  which  the  egg  is  fer- 
ii      tilized.     We  have  already  men- 
I      tioned  above  that  in  the  articula- 
tions of  the  tapeworm  the  ovaries 
and   testicles  are  developed  to- 
gether, (Fig.  176.)    The  ovary 
(oy  a,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
I     extremities,  and  communicating  with  each  other  by  a  central  canal. 
^■!be  testicle  (&)  is  a  narrow^  convoluted  tube,  very  much  folded 
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upon  itself,  which  opens  by  an  external  orifice  (c)  upon  the  ! 
border   of  the   articulation*  about   midway  between   itfi  two  ex* 
tremities.     The  eperraatic  fluid  produced  in  the  testicle  is  inln>. 
duced  into  the  female  generative  passage,  which  opens  at  the  same  I 
spot,  and,  penetrating  deeply  into  the  interior,  oomes  in  coolact  ' 
with  the  eggs,  which  are  thereby  fecundateti  and  rendered  fertik 
The  fertile  eggs  are  afterward  act  free  by  the  rupture  or  decay  of  * 
the  articulation,  and  a  vast  number  of  young  are  produced  by  tbor  | 
development 

In  snails,  also,  and  in  some  other  of  the  lower  animals,  the  oraritt  j 
and  testicles  are  both  present  in  the  same  individual ;  so  that  thew  ' 
animals  are  sometimes  said  to  be  "  hermaphrodite,'^  or  of  douUe  i 
sex.  In  reality,  however,  it  appears  that  the  male  and  femidej 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovaiiei| 
are  first  developed  and  perform  their  function,  after  which  the  ta-1 
tides  come  into  activity  in  their  turn.  The  same  individual,  thciv- j 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  finlj 
female  and  afterward  male,  exercising  the  two  generative  functioMi 
at  difierent  ages. 

In  all  the  higher  animals^  however,  the  two  sets  of  genentiv«J 
organs  are  located  in  separate  individuals ;  and  the  species  ill 
consequently  divided  into  two  sexes^  male  and  female.  All 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence] 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside  th«^| 
however,  there  are,  in  most  instances,  certain  secondary  or 
sory  organs  of  generation,  which  assist  more  or  less  in  the  \ 
plishment  of  tlie  process,  and  which  occasion  a  greater  differemre  i 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  maxno 
glands  of  the  female,  the  vesicuhe  seminales  and  ptx^state  gl 
of  the  male*  The  female  naturally  having  the  immediate  care  < 
the  young  after  birth,  and  the  male  being  occupied  in  pro\idin 
food  and  protection  for  both,  there  are  also  corresponding  dil 
ences  in  the  general  structure  of  the  body,  which  afifect  the  whobl 
external  appearance  of  the  two  sexes,  and  which  even  show  tbetsh^ 
selves  in  their  mental  and  moral,  as  well  as  in  their  pbyi 
characteristics.  In  some  cases  this  difference  is  so  excessive  tka^l 
the  male  and  female  would  never  be  recognized  as  belonging  to  tbj 
same  species,  unless  they  were  seen  in  company  with  each  oClwr/ 
Not  to  mention  some  extreme  instances  of  this  among  ioaeoti  ui 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  wrft 
known  examples  of  the  cock  and  the  hen,  the  lion  and  lianeai^  tb  j 
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while  tlie  spermatozoa  remaining  entangled  in  the  filter,  if  mixed 
with  a  sufficient  quantity  of  fluid  of  tlio  requisite  density  for  dilu- 
tion, may  still  be  successfully  used  for  the  impregnatioa  of  eggs. 

wiis  well  known,  also,  that  animals  or  men  from  whom  both  testi- 
cles have  been  removetl,  are  incapable  of  impregnating  the  female 
or  her  eggs ;  while  a  removal  or  imperfection  of  any  of  the  other 

Ipnerative  organs  does  not  necessarily  prevent  the  accomplishment 
of  the  function. 

In  most  of  the  lower  orders  of  animals  there  is  a  periodical 
development  of  the  testicles  in  the  male,  corresponding  in  time  with 
that  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
eggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
size^  as  the  season  of  reproduction  approaches,  and  l>ecome  turgid 
with  spermatozoa.  The  accessory  organs  of  generation,  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  become 

« creased  in  vascularity  and  ready  to  perform  their  part  in  the 
productive  function. 

In  the  fish,  for  example,  where  the  testicles  occupy  the  same 
position  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  these 
bodies  enlarge,  become  distended  with  their  oontents,  and  project 
into  the  peritoneal  cavity.  Each  of  the  two  sexes  is  then  at  the 
same  time  under  the  influence  of  a  corresponding  excitement.  The 
unusual  development  of  the  generative  organs  reacts  upon  the  entire 

titem,  and  produces  a  state  of  peculiar  activity  and  excitability^ 
own  as  the  condition  of  "erethismJ*     The  female,  distended  with 
s,  feels  the  impulse  which  leads  to  their  expulsion;  while  the 
lie,  bearing  the  weight  of  the  enlarged  testicles  and  the  accumu- 
ation  of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
j^isation  to  the  discharge  of  the  spermatic  fluid.     The  two  sexes, 
Htcordingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
situations.    The  female  deposits  her  eggs  in  some  spot  fav«>rable 
to  the  protection  and  development  of  the  young;  after  which  the 
male,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 

td  eggs,  discharges   the  spermatic    fluid    upon  them,  and  their 
pregnation  is  accomplished. 

In  such  instances  as  the  above,  where  the  male  and  female  gene- 
rative products  are  discharged  separately  by  the  two  sexes,  the 
subsequent  contact  of  the  eggs  with  the  spermatic  fluid  would  seem 
to  be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
stances, and  their  impregnation,  therefore,  often  liable  to  fail.  In 
int  of  fact,  however,  the  simultaneous  functional  excitement  of 
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ON    THE    EGG,    AND    THE    FEMALE    OBGANo    U] 
GENERATION, 
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The  egg  is  a  globular  body  which  varies  considerably  in  siae  m 
different  classes  of  animals,  accordiog  to  the  peculiar  oonditiona 
under  which  its  development  is  to  take  place.    In  the  frog  it  toe^r 
sures  ^n  of  an  inch  in  diameter,  in  the  lamprey  ^\,  in  quadrupeds  | 
and  in  the  human  species  ^^q.    It  consist^  first,  of  a  membraoaus  { 
external  sac  or  envelope,  the  vitelline  membrane;  and  secondlji  of  a  I 
gpherical  mass  inclosed  in  its  ioteriorp  called  the  viiellus. 

The  vitelline  membrane  in  birds  and  reptiles  ia  very  thin,  mea^ur* 
ing  often  not  more  than  jji^^j  of  an  inch  in  thickness,  and  is  at  the 

same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animals,  on  the 
contrary,  it  is  perfectly  smooth,  structoie- 
less  and  transparent,  and  is  about  yiVv  of  i 
an    inch  in  thickness*     Notwithstanding  I 
its  delicate  and  transparent  appearance^  tl 
has  a  considerable  degree  of  resistanoe  { 
and  elasticity.    The  egg  of  the   human 
Bubject,  for  example,  may  be  percepublj  I 
flattened  out  under  the  microscope  by 
pressing  with  the  point  of  a  needle  upoo 
the  slip  of  glass  which  covers  it;  but  it 
still    remains  unbroken,  and   wfaen  tfaa 
pressure  is  removed,  readily  resumes  its  globular  form.     UVTico  tbo  I 
egg  is  somewhat  flattened  under  the  microscope  in  this  way,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vitelltiie 
membrane  is  increased,  and  it  then  appears  (Fig.  176)  as  a  rather 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  tbegnma- 
lar  and  opaque  vitellus.    Owing  to  this  appearance,  it  \tm  sgas6- 
tim6»  received  the  name  of  the  "  zona  pellucida^^    The  naeia  of 
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Titelline  membrane,  however,  is  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two. 

The  vitellus  {b)  IB  a  globular,  semi -solid  mass,  contained  within 
the  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  sab- 
stance,  with  an  abundance  of  minute  molecules  and  oleaginous 
granules  scattered  through  it.  These  minute  oleaginous  masses 
give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope.  Imbedded  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
clear,  colorless,  transparent  vesicle  (r)  of  a  rounded  form,  known 
as  the  germinative  vedicJe,     In  the  egg  of  the  human  subject  and  of 

of  an  inch  in 
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the  quadrupeds,  this  vesicle  measures 
diameter*    It  presents  upon  its  surface  a 
dark  spot,  like  a  nucleus  (t/),  which  is  known 
by  the  name  of  the  germinatwe  spot    The 

Igerminative  vesicle,  with  its  nucleus-like 
spot^  IS  often  partially  concealed  by  the 
granules  of  the  vitellus  by  which  it  \n  sur- 
rounded, but  it  may  always  be  discovered 
ty  careful  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
sure under  the  microscope,  the  vitellus  is 
Been  to  have  a  gelatinous  consistency.  It 
is  gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 
globules  entangled  in  its  substance.  (Fig.  177.)  The  edges  of  the 
fractured  vitelline  memhrnne»  under  these  circumstances,  present  a 
smooth  and  nearly  straight  outline,  without  any  appearance  of 
^^aceration  or  of  a  fibrous  structure.  The  membrane  ia>  to  all  ap- 
HQ>earance,  perfectly  homogeneous. 

'*  The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
from  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
formed,  and  the  organs  of  the  new  individual  developed.  The 
itelline  membrane  is  merely  a  protective  inclosure,  intended  to 
secure  the  vitellus  from  injury*  and  enable  it  to  retain  its  figure 
during  the  early  periods  of  development. 

The  egg,  as  above  described,  consists  therefor©  of  a   simple 

^fcritellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.     It 

^Ks  such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 

Hg>eds,  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 

animals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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eggs  are  deposited  aad  hatched  in  the  water,  as  well  ad  thoae  in 
which  they  are  retained  in  the  body  of  the  female  until  thedonjlop* 
Hient  of  the  young  is  completed,  such  an  egg  as  above  described  it 
sufficient  for  the  formation  of  the  embryo;  since  during  its  develop* 
ment  it  can  absorb  freely,  either  from  the  water  in  which  it  floats^ 
or  from  the  mncoas  membrane  of  the  female  generative  organs^  the 
requisite   supply  of  nutritious   fluids.     But  in  birds  and   in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises,  &c*,  where  the  eggs 
are  expelled  from  the  body  of  the  female  at  an  early  period,  and 
incubated  on  land,  there  is  no  external  source  of  nutrition,  to  {»»• 
vide  for  the  support  of  the  young  animal  during  its  developmeiiL 
In  these  instances  accordingly  the  vitellus,  or  "  yolk,"  as  it  is  tmlle4 
is  of  very  large  size;  and  the  bulk  of  the  Qgg  is  still  farther  in- 
creased  by  the  addition,  within  the  female  generative  passagu^  of 
layers  of  albumen  and  various  extenial  fibrous  and  calcareous 
envelopes.     The  essential  constituents  of  the  egg,  however,  ^tiU 
remain  the  same  in  character,  and  the  process  of  embryonic 
lopment  follows  the  same  general  laws  as  in  other  cases. 

The  eggs  are  produced  in  the  interior  of  certain  organs,  si 
in  the  abdominal  cavity,  called  the  ovaries.    These  organs  col 
of  a  number  of  globular  sacs,  or  folUcleSi  known  as  the  **  Gntaftsft 
follicles/*  each  one  of  which  contains  a  single  egg.    The  follielei 
are  connected  with  eacli  otlier  by  a  quantity  of  vascular  areolsr 
tissue,  which  binds  them  together  into  a  well-delined  and  oCMiaisteal 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum.    The 
egg  has  sometimes  been  spoken  of  as  a  "  product,"  or  even  as  i 
"secretion"  of  the  ovary.    Nothing  can  be  more  inapproprialc^ 
however,  than  to  compare  the  egg  Vk4th  a  secretion,  or  to  ragurd  tJw 
ovary  as  in  any  respect  resembling  a  glandular  organ.     The  ^g  b 
8imi>Iy  an  organized  body,  growing  in  the  ovary  like  a  tooth  in  its 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  feniak 
It  is  destined  to  be  finally  separated  from  its  attachments  ifid 
thrown  off;  but  until  that  time,  it  is,  properly  speaking,  a  part  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portion  of  the 
female  organism. 

The  ovaries,  accordingly,  since  they  arc  directly  concerned  ia 
the  production  of  the  eggs,  are  to  be  regarded  as  the  esseniiit 
parts  of  the  female  generative  apparatus.  Beside  them,  however, 
there  are  usually  present  certain  other  organs,  which  play  a  soQOt* " 
dary  or  accessory  part  in  the  process  of  generation.  The  mctit 
important  of  these  accessory  organs  are  two  symmetrical  icibeev  ^ 
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viduciSf  which  are  destined  to  receive  the  eggs  at  their  internal 
Ixtremity  and  convey  them  to  the  external  generative  orifice.  The 
uicoas  membrane  lining  the  oviducts  is  also  intended  to  supply 
ertain  secretions  during  the  passage  of  the  egg,  which  are  requi- 
site either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
of  the  embryo. 

In  the  frog,  for  example,  the  oviduct  commencea  at  the  upper 
of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
'directly  with  the  peritoneal  cavity.     It 
800U  after  contracts   to  a   narrow  tube,  ^*^'  ^'^^' 

and  pursues  a  zigzag  course  down  the 
jlide  of  the  abdomen  (Fig.  178),  folded 
ipon  itself  in  convolutions,  like  the 
small  intestine,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  tbe 
**  cloaca"  or  lower  part  of  ihe  intestinal 
canal.  The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
^and  birds ;  though  there  are  some  modi- 
IcatioDS,  in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  which 
they  contain,  undergo  at  particular  sea- 
sons a  periodical  development  or  increase 
in  growth.  If  we  examine  the  female 
tog  in  the  latter  part  of  summer  or  the 
fall,  we  shall  find  the  ovaries  presenting 
le  appearance  of  small  clusters  of  minute  and  nearly  colorless 
;gs,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
j\q  of  an  inch  in  diameter.  But  in  the  early  spring,  when  the 
season  of  reproduction  approaches,  the  ovaries  will  be  found  in- 
ttsed  to  four  or  five  times  their  former  size,  and  forming  large 
>bulated  masses*  crowded  with  dark-colored  opaque  eggs,  measur* 
tig  1*^  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
X  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
we/te  previously  in  an  imperfect  and  inactive  condition,  begin  to 
iCfease  in  size  and  become  somewhat  altered  in  structure.  The 
Ktellus  more  especially,  which  was  before  colorless  and  transparent, 
comes  granular  ii?  texture  as  well  as  increased  in  volume;  and 
sumes  at  the  same  time,  in  many  species  of  animals,  a  black, 
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at  its  bottom  a  sniall  globular  maaa^  like  the  head  of  the  Tseni^ 
provided  with  suckers  and  hooks,  atid  BUpported  upon  a  short 
slender  neck.  If  the  outer  investing  sac  be  removed,  the  oftrrow 
canal  just  described  may  be  everted  bj  eareful  manipulation,  and 
the  parasite  will  then  appear  as  in  Fig.  173,  with  the  head  and  neck 
resembling  those  of  a  Taenia,  but  terminating  behind  in  a  drof>dcal 
eaC'Iike  swelling,  instead  of  the  chain  of  artieulationfi  which  ire 
charaeteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown^  by  the  experiments  of  Kiichenmcister» 
Siebold,  and  others,  that  ihe  Cysticercus  is  only  the  iraperfedly 
developed  embryo,  or  young,  of  the  Taenia*  When  the  mature 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioQed, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation,  ooiitaift* 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  tbo 
stomach  of  another  animal ;  the  substance  of  the  articolation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  br  di- 
gestion, and  the  embryos  are  thus  set  free.  They  then  penetrate 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  Of 
the  areolar  tissue,  and  becoming  encysted  in  these  situations,  ait 
there  developed  into  cysticerei,  as  represented  in  Fig.  172.  After- 
ward, the  tissues  in  which  they  are  contained  being  devounjd  by 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixe^  itadf 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodacei 
the  long  tape-like  series  of  articulations,  by  which  it  is  Gnally  < 
verted  into  the  full-grown  Taenia. 

Prof.  Siebold  found  the  head  of  the  Cysticercus  fnsciolaris^ 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  rea 
blance  to  the  Taenia  crassicollis,  inhabiting  the  intestine  of  the  a^ 
that  be  was  led  to  believe  the  two  parasites  to  be  identical    Thii 
identity  was,  in  fact,  proved  by  the  experiments  of  Kuchenmeister; 
and  Siebold  afterward  demonstrated'  the  same  relation  to  exiil     ,. 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneuin  of  rab*  fl 
bits,  and  the  Tajnia  serrata,  from  the  intestine  of  the  dog.    Thta  T 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  the 
cysticerei,  fresh  from  the  body  of  the  rabbity  mixed  with  milk ;  and 
on  killing  the  dogs,  at  various  periods  after  the  meal,  from  direa 
hours  to  eight  weeks,  he  found  the  cysticerei  in  various  stasrcs 
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ievelopment  in  the  intestiac,  and  finally  converted  into  tbe  full 
^grown  Taenia,  with  complete  articulations  and  mature  eggs. 

Dr.  Kiicbenmeister'  has  aLso  performed  the  same  experiment,  with 

es8j  on  the  human  subject,    A  number  of  cysticerci  were  ad* 

"ministered  to  a  criminal,  at  different  periods  before  his  execution, 

varying  from  12  to  72  hours;  and  upon  post-mortem  examination 

the  body,  no  less  than    ten    young  tseniie  were  found  in  the 

Intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 

of  Taenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenraeister  *  have 
shown  that  tbe  eggs  of  Taenia  solium,  introduced  into  the  body  of 
the  pig,  will  give  rise  to  the  development  of  Cysticercus  celluloss; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development* 

Finally,  it  is  now  known,  principally  from  tbe  investigations  of 
Leuckart,^  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed,  in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im* 
3?fectly  cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
rorm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
atestine^and  acquires  fully  developed  sexual  organs;  —  so  that  the 
bmales^  after  the  first  week,  produce  an  abundance  of  living  young. 
aese  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
me  of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
iQSCular  tissue,  where  they  become  encysted;  and  there  remain 
ithout  further  development,  until  again  transferred  into  the  stom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
>IL  Whatever  obscurity  may  hang  round  the  origin  or  repro- 
luction  of  this  class  of  animals,  tbe  direct  investigations  of  the 
Jihyriologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  (he  most 
probable  opinion,  from  tbe  facts  at  present  within  our  knowledge^ 
is  that  organized  heings,  animal  and  vegetable^  wherever  they  may  be. 
foundf  are  always  the  progeny  of  previously  eocisUng  parents. 

1  On  Ammal  »iid  Veg«Uble  Pnrasites,  Sjdenhftm  tranetfttioii :  London.  1857,  p. 
lift,  "Op,  cit.,  p.  120. 

[_«  UD(er«uebuDg(»n  iiber  Trichina  ipirali«.     Leipiig,  1860. 
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CHAPTER  II. 

^ON  SEXUAL  OENERATION,  AND  THE  MODE  OF  ITS 
ACCOMPLISHMENT. 


Fig.  174. 
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Tee  functioE  of  generation  \&  performed  by  means  of  two  seta  of 
organs^  each  of  which  gives  origin  to  a  pecttliar  producft^  c^^Mibld 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.    The»i 

two  seta  of  organs^  belonging  to  tiM 
two  different  sexes,  are  called  the  male 
and  female  organs  of  geDeration.  Tbe 
female  organs  produce  a  globular  body 
called  the  gtrfn,  or  egg,  which  is  capaUt 
of  being  developed  into  the  bodj  rf 
the  young  animal  or  plant ;  the  mile 
organs  produce  a  substance  which  it 
necessary  to  fecundate  the  germ^  ^ 
enable  it  to  go  through  with  its  naltmil 
growth  and  development. 

Such  are  the  only  essential  and  uni- 
versal characters  of  the  organs  of  gecM^ 
ration.    These  organs,  however,  exhibit 
various  additions  and  modifictttiocis  in 
different  classes  of  organized  bcioga 
while  they  show  throughout  ibe  saoif 
f^indamental  and  essential  charaetera  j 
In  the  flowering  plants^  for  examplafll 
the  blossom,  which  is  the  generative    ■ 
apparatus  (Pig.  174)^  consists  first  of  t 
female  organ    containing  the  germ  {a\  situated  usually  upoo  tfe 
highest  part  of  the  leaf-bearing  stalk.     This  is  stirmounted  brti 
nearly  straight  column,  termed  the  pistil  {h\  dilated  at  its  sun 
into  a  globular  expansion,  and  occupying  the  centre  of  the  lloww.' 
Around  it  are  arranged  several  slender  filamentSy  or  slamefnv  twin- 
ing upon  their  extremities  the  male  organs,  or  anthers  (c,  c>    Tie 
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whole  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
colored  leaves,  termed  the  corolla  (t/),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  {e). 
The  anthers,  when  arrived  at  maturity,  discharge  a  fine  organic 
dost,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera- 
tion is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
fidl  off,  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture,  until  it  ripens  into  the  mature  fruit  or  seed.    It 

then  ready  to  be  separated  frum  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
similar  to  the  old. 

In  the  above  instance,  the  male  and  female  organs  are  both 
ituated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
volvulus, &a  In  other  cases,  there  are  separate  male  and  female 
flowers  upon  the  same  plant,  of  which  the  male  flowers  produce 
only  the  pollen,  the  female,  the 
germ  and  fruit.  In  others  still, 
le  male  and  female  flowers  are 
ituated  upon  different  plants, 
I'hich  otherwise  resemble  each 
>tDer,  as  in  the  willow,  poplar, 
"^and  hemp. 

In  animals,  the  female  organs 
:^f  generation  are  called  ovaries, 

ace  it  is  in  them  that  the  egg, 
for  ''ovum,"  is  produced.  The 
male  organs  are  the  teaiicl^, 
which  give  origin  to  the  fecun- 
dating product^  or  "seminal 
fluid,''  by  which  the  egg  is  fer- 
tilized. We  have  already  men- 
lioned  above  that  in  the  articula* 
ions  of  the  tapeworm  the  ovaries 
and  testicles  are  developed  to- 
gether. (Fig.  176.)  The  ovary 
(a,  a,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
extremities,  and  communicating  with  each  oth^  by  a  central  canal. 
The  testicle  (6)  is  a  narrow,  convoluted  tube,  very  much  folded 
34 
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tipon  itself,  which  opetis  by  an  external  orifice  (c)  upon  the  lati 
border  of  the  articulatioa,  about  midway  between  ita  two  ox- 
tremities*  The  spermatic  fluid  produced  in  the  testicle  is  intro*! 
duced  into  the  female  generative  passage,  which  opens  at  the  s^m^i 
spot,  and,  penetrating  deeply  into  the  interior,  comes  in  coolacl* 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fertalo^ 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of  | 
the  articulation,  and  a  vast  number  of  young  are  produced  by  thcar  ] 
development 

In  snails,  also,  and  in  some  other  of  the  lower  animals*  the  ovaries  I 
and  testicles  are  both  present  in  the  same  individual;  so  that  thesel 
animals  are  sometimes  said  to  be  "  hermaphrodite,"  or  of  douhl©" 
sex.    In  reality,  however,  it  appears  that  the  male  and   fenuile 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovaries 
are  first  developed  and  perform  their  function,  after  which  the  l»- 
ticles  come  into  activity  in  their  turn.    The  same  individuali  ther^ 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  first 
female  and  afterward  male^  exercising  the  two  generative  functioDftj 
at  different  ages. 

In  all  the  higher  animals^  however,  the  two  sets  of  generoliTeJ 
organs  are  located  in  separate  individuals;  and   the  spedes  is 
consequently  divided  into  two  sexes,  male  and  female.     All  that] 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence] 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.     Beside  thes^  ( 
however,  there  are,  in  most  instances,  certain  secondary  or 
sory  organs  of  generation,  which  assist  more  or  less  in  the  a 
plishment  of  the  process,  and  which  occasion  a  greater  differenoeml 
the  anatomy  of  the  two  sexes.    Such  are  the  uterus  and  mammtff  j 
glands  of  the  female,  the  veaiculie  seminales  and  prostate  gltfi 
of  the  male.     The  female  naturally  having  the  immediate  car©  of  ' 
the  young  after  birth,  and  the  male  being  occupied  in  providing 
food  and  protection  for  both,  there  are  also  corresponding  dMSsr- 
ences  in  the  general  structure  of  the  body,  which  aiSkct  the  whole  J 
external  appearance  of  the  two  sexes,  and  which  even  show  theia-  j 
selves  in  their   mental   and   moral,  as  well  as  in  their   pbyikali 
characteristics.     In  some  cases  this  difference  is  so  exceesiva  tliat 
the  male  and  female  would  never  be  recognized  as  belonging  totlw 
same  species,  unless  they  were  seen  in  company  with  each  odier. 
Not  to  mention  some  extreme  instances  of  this  among  itisecla  and 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  iwll*  1 
known  examples  of  the  cock  and  the  hen,  the  lion  aad  Uciikeflfi^  ^ 
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accompanied  by  some  disturbance  of  the  general  system,  and  tho 
female  ia  then  known  to  have  arrived  at  the  period  of  puberty. 

Afterward,  the  bloody  discharge  just  spoken  of  returns  at  regular 
intervals  of  four  weeks;  and,  on  account  of  this  recurrence  corres- 
ponding with  the  passage  of  successive  lunar  months,  its  phenomena 
are  designated  by  the  name  of  the  "  menses"  or  the  "  menstrual 
periods."  The  mensea  return  with  regularity,  from  the  time  of 
their  first  appearance,  iintH  the  age  of  about  forty* five  years. 
During  this  period,  the  female  is  capable  of  bearing  children,  and 
sexual  intercourse  is  liable  to  be  followed  by  pregnancy*  After 
the  forty -fifth  year,  the  periods  first  become  irregular,  and  then 
ceaae  altogether;  and  their  final  disappearance  is  an  indication  that 
the  woman  is  no  longer  fertile,  and  that  pregnancy  cannot  again 
take  place. 

Even  during  the  period  above  referred  to,  from  the  age  of  fifteen 
to  forty-five,  the  regularity  and  completeness  of  the  menstrual 
periods  indicate  to  a  great  extent  the  aptitude  of  individual  females 
for  impregnation.  It  is  well  known  that  all  those  causes  of  ill 
health  which  derange  menstruation  are  apt  at*  the  same  time  to 
interfere  with  pregnancy ;  so  that  women  whose  menses  are  habi- 
timlly  regular  and  natural  are  ranch  more  likely  to  become  preg- 
nant, aft^r  sexual  intercourse,  than  those  in  whom  the  periods  are 
absent  or  irregular. 

If  pregnancy  happen  to  take  place,  however,  at  any  time  during 
the  child-bearing  period,  the  menses  are  suspended  during  the  con- 
tinuance of  gestation,  and  usually  remain  absent,  after  delivery,  as 
long  as  the  woman  continues  to  nurse  her  child.  They  then  re- 
commence, and  subsequently  continue  to  appear  as  before* 

The  menstrual  discharge  consists  of  an  abundant  secretion  of 
mucus  mingled  with  blood.  When  the  expected  period  is  about 
to  come  on,  the  female  is  affected  with  a  certain  degree  of  discomfort 
and  lassitude,  a  sense  of  weight  in  the  pelvis,  and  more  or  less  dis- 
inclination to  society.  These  symptoms  are  in  some  instances 
rfightly  pronounced,  in  others  more  troublesome.  An  unusual 
discharge  of  vaginal  mucus  then  begins  to  t^ike  place,  "which  soon 
becomes  yellowish  or  m^ty  brown  in  color,  from  the  admixture  of 
a  ciertain  proportion  of  blood ;  and  by  the  second  or  third  day  the 
discharge  has  the  appearance  of  nearly  pure  blood.  The  unpleasant 
sensations  which  were  at  first  manifest  then  usually  subside;  and 
the  discharge,  after  continuing  for  a  certain  period,  begins  to  grow 
more  scanty.    Its  color  changes  from  a  pure  red  to  a  brownish  or 
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ON    THE    EGG,    AND    THE    FEMALE    ORGANS    01 
GENERATION. 

The  egg  is  a  globular  body  which  varies  coasideraUj  in  size  in 
different  claases  of  animals,  accordiog  to  the  peculiar  coiiditions 
under  which  its  development  is  to  take  place.  In  the  frog  it  mca* 
sured  ^^j  of  ao  inch  in  diameter,  in  the  lamprey  ^g,  in  quadrupeds 
and  in  the  human  species  xlji*  I^  consists,  first,  of  a  meinbninaiift 
external  sac  or  envelope,  the  vitelline  membrane;  and  secondly,  of  a 
epberical  mass  inclosed  in  its  interior,  called  the  intellus^ 

The  vitelline  membrane  in  birds  and  reptiles  is  very  thin,  measif* 
Ing  often  not  more  than  jsdrv  of  an  inch  in  thickne^  and  isai  the 

same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animal^  on  the 
contrary,  it  is  perfectly  smooth,  structure' 
less  and  transparent^  and  is  about  ^iVv  ^ 
an  inch  in  thickness*  Notwithstanding 
its  delicate  and  transparent  appearance^  it 
has  a  considerable  degree  of  resistafi^ 
and  elasticity.  The  egg  of  the  human 
Bubject,  for  example,  may  bo  percepulily 
flattened  out  under  the  microsoope  by 
pressing  with  the  point  of  a  needle  upon 
the  slip  of  glass  which  covers  it ;  but  it 
still  remains  unbrokei^  and  when  the 
pressure  is  removed,  readily  resumes  its  globular  form.  When  tie 
egg  is  somewhat  flattened  under  the  microscope  in  this  wa^-,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vtteHioe 
membrane  is  increasedp  and  it  then  appears  (Fig.  170)  as  a  rather 
wide»  colorless,  and  pellucid  border  or  zone,  surrounding  the  grantj- 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  ii  hjis  some- 
times received  the  name  of  the  "  zona  pellucida,**     The  imm<i  of 
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Titelline  membrane,  however,  is  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two* 

The  viteUiis  {b)  ia  a  globular,  semi-solid  mass^  contained  within 

Pthe  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  sub- 
stanoep  with  an  abundance  of  minute  molecules  and  oleaginous 
granules  scattered  through  it.  These  minute  oleaginous  masses 
give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope.  Imb^d^  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
clear,  colorlc^,  transparent  vesicle  {c)  of  a  rounded  form,  known 
as  the  germinative  vesicle.  In  the  egg  of  the  human  subject  and  of 
the  (quadrupeds,,  this  vesicle  measures  ^l^  to  ^^^  of  an  inch  in 
diameter  It  presents  upon  its  surface  a 
dark  spot,  like  a  nucleus  {il),  which  is  known 
by  the  name  of  the  germinative  spoU     The 

» germinative  vesicle,  with  its  nucleus- like 
Bpot,  is  often  partially  concealed  by  the 
granules  of  the  vitellus  by  which  it  i.^  sur- 
rounded, but  It  may  always  be  discovered 
by  carefbl  examination. 

If  the  egg  be  ruptured  by  excessive  pres- 
under  the  microscope,  the  vitellus  is 

XI  to  have  a  gelatinona  consistency.  It 
is  gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 

globules  entangled  in  its  substance.  (Fig.  177.)  The  erJges  of  the 
fractured  vitelline  membrane,  under  these  circumstances,  present  a 
smooth  and  nearly  straight  outline,  without  any  appearance  of 
laceration  or  of  a  fibrous  structure.  The  membrane  is>  to  dl  ap- 
pearance, perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
from  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
formed,  and  the  organs  of  the  new  individual  developed.  The 
vitelline  membrane  is  merely  a  protective  inclosure,  intended  to 
secure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
during  the  early  periods  of  development. 

The  egg,  as  above  described,  consists  therefore  of  a  simple 
vitellus  of  minute  size,  and  a  vitelline  membrane  incloaing  it.  It 
IS  such  an  egg  which  is  found  in  the  human  subject  the  quadru- 
peds, most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
animals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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eggs  are  deposited  and  hatched  ia  the  water,  as  well  as  thoao  in 
wbicli  they  are  retained  in  the  body  of  the  female  \mtil  the  devilop 
qient  of  the  young  is  completed,  such  an  egg  aa  above  deseribed  is 
sufficient  for  the  formation  of  the  embryo;  sinoe  daring  its develofi- 
ment  it  can  absorb  freely,  either  from  the  water  in  which  it  floats^ 
or  from  the  mucous  membrane  of  the  female  generative  organs^  th« 
requisite  supply  of  nutritious  fluids.  But  in  birds  and  in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises,  &c^  where  the  eggs 
are  expelled  from  the  body  of  the  female  at  an  early  period,  aod 
incubated  on  land,  there  is  no  external  source  of  nutrition,  to  pn^ 
vide  for  the  support  of  the  young  animal  during  its  developinsot 
In  these  instances  accordingly  the  vitellus,  or  **yolk,"  as  it  is  calle^. 
is  of  very  large  size ;  and  the  bulk  of  the  egg  is  astill  foriher  m* 
creased  by  the  addition,  within  the  female  generative  passagvai^  of 
layers  of  albumen  and  various  external  fibrous  and  calcareooi 
envelopes*  The  essential  constituents  of  the  egg,  however,  slill 
remain  the  same  in  character,  and  the  process  of  erabryomc 
lopment  follows  the  same  general  laws  as  in  other  cases. 

The  eggs  are  produced  in  the  interior  of  certain  organs,  si^ 
in  the  abdominal  cavity,  called  the  ovaries.  These  org&us  col 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  **  OraafisD 
follicles/*  each  one  of  which  contains  a  single  egg.  The  folUcUa 
are  connected  with  each  other  by  a  quantity  of  vascular  ansdiir 
tissue,  which  binds  them  together  into  a  well-detined  and  cooststent 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum,  Tba 
egg  has  sometimes  been  spoken  of  as  a  "  product,**  or  even  as  I 
"secretion''  of  the  ovary.  Nothing  can  be  more  inappropriauv 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  regard  tin 
ovary  as  in  any  respect  resembling  a  glandular  organ.  The  tgg  k 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  in  its 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  fefmik 
It  is  destined  to  be  finally  separated  from  its  attachments  ami 
thrown  off;  but  until  that  time»  it  is,  properly  speaking.  &  part  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portion  of  the 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  concerned  is 
the  production  of  the  eggs,  are  to  be  regarded  as  the  esMotbl 
parts  of  the  female  generative  apparatus.  Beside  them,  howeiw, 
there  are  usually  present  certain  other  organs,  which  play  m  seooft- 
dary  or  accessory  part  in  the  process  of  generation.  The  nwit 
important  of  these  accessory  organs  are  two  symmetrical  tobes^  or 
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iduclB,  which  are  destined  to  receive  the  eggs  at  their  internal 

ttremity  and  convey  them  to  the  external  generative  orifice.     The 

kucous  membrane  lining  the  oviductd  is  also  intended  to  supply 

%m  seeretions  during  the  passage  of  the  egg,  which  are  requi- 

either  to  complete  its  structure^  or  to  provide  for  the  nutrition 

the  embryo. 

In  the  frog,  for  example,  the  ovidact  oomraencea  at  the  tippet* 
rt  of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 

3tly  w^th  the  peritoneal  cavity.     It 
ya.  after  contracts  to  a   narrow  tube,  ^^^*  ^^^* 

id  puFETues  a  zigzag  course  down  the 
Je  of  the  abdomen  (Fig,  178),  folded 
>n  itself  in  convolutions,  like  the 
lall  intestine,  until  it  opens,  near  its 
How  of  the  opposite  side,  into  the 
^cloaca"  or  lower  part  of  the  intestinal 
cana].  The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
and  birds ;  though  there  are  some  modi- 
fications, in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggB  which  \ 

they  contain,  undergo  at  particular  sea- 

tns  a  periodical  development  or  increase 
growth.  If  we  examine  the  female 
frog  in  the  latter  part  of  summer  or  the 
fall,  we  shall  find  the  ovaries  presenting 
the  appearance  of  small  clusters  of  minute  and  nearly  colorless 
the  smaller  of  which  are  perfectly  transparent  and  not  over 
an  inch  in  diameter.  But  in  the  early  spring,  when  the 
of  reproduction  approaches,  the  ovaries  will  be  found  in- 
to four  or  five  times  their  former  size,  and  forming  large 
lobulated  masses,  crovvdei  with  dark-colored  opaque  eggs,  measur- 
T»j  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
jd,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
previously  in  an  imperfect  and  inactive  condition,  begin  to 
in  siae  and  become  somewhat  altered  in  structure.  The 
bIIus  more  especially,  which  was  before  colorless  and  transparent, 
>mes  granular  ii?  texture  as  well  as  increased  in  volume;  and 
assmnea  at  the  same  time,  in  many  species  of  animals,  a  blacky 
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at  its  bottom  a  small  globular  mass,  like  the  head  of  tlie  T»&i^ 
provided  with  suckers  and  hooks^  and  supported  upon  i  short 
slender  neck.  If  the  outer  investing  sac  be  removed,  the  narrow 
canal  just  described  may  be  everted  by  careful  manipulation,  and 
the  pari^ite  will  then  appear  as  in  Fig*  17S,  with  the  head  and  nsck 
resembling  those  of  a  Taenia,  but  terminating  behind  in  a  dropsical 
sac-like  swelling,  instead  of  the  chain  of  articulations  which 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  Kiicl 
Siebold,  and  others,  that  4he  Cysticercua  is  only  the  ii..j.^;..:tly 
developed  embryo,  or  young,  of  the  Taenia.  When  the  mature 
articulation  of  the  tapeworm  is  thrown  off,  m  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation,  contain- 
ing the  eggs  and  embryos,  is  then  taketi,  with  the  food,  into  the 
stomach  of  another  animal;  the  substance  of  the  articulation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  by  di* 
gestion,  and  the  embryos  are  thus  set  free.  They  then  peottnhia 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue,  and  becoming  encysted  in  these  aitnations,  Vt 
there  developed  into  cysticerci,  as  represented  in  Fig.  172.  AAcx-  | 
ward,  the  tissues  in  which  they  are  contained  being  devauf^  bj 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itsdf 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodooei  I 
the  long  tape-like  series  of  articylations,  by  which  it  is  finally  CCQ* 
verted  into  the  full-grown  Taenia,  ' 

Prot  Siebold  found  the  head  of  the  Cysticercus  fasciolaria  WL 
with  in  the  liver  of  rats  and  mice,  presenting  sa  close  a  resem*       j 
blance  to  the  Taenia  crassicollis,  inhabiting  the  intestine  of  the  ca^ 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.    This 
identity  was,  in  fact,  proved  by  the  experiments  of  Kiicbenmetster;  ^1 
and  Siebold  afterward  demonstrated*  the  same  relation  to  cxi*  ^| 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rait- 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog.    Thii       ' 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  tbe 
cysticerci,  fresh  from  the  body  of  the  rabbity  mixed  with  milk ;  tad 
on  killing  the  dogs,  at  various  periods  after  the  meaT,  fft>m  tbree] 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  stages  of 


■  In  BuflTalo  Medical  Journal,  Feb.  1853;  also  {n  Si«bold  on  Tape  mifeii  Cp6$ 
%Vortii&,  S/dcsDluim  trausUtloa :  London^  1857^  p.  59. 
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development  in  the  intestiQc,  and  finally  converted  into  the  full 
grown  Tienia,  with  complete  articulations  and  mature  eggs. 

Dr.  Kiichenmeister'  has  also  perforraed  the  same  experiment,  with 
sticcess^  on  the  human  subject,  A  number  of  oysticerci  were  ad- 
minietered  to  a  criminal,  at  diSerent  periods  before  his  execution, 
varying  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  ten  young  taeniae  were  found  in  the 
intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Tsenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeistcr '  have 
sbown  that  the  eggs  of  Tsenia  solium,  introduced  into  the  body  of 
the  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosae ; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  ideotical  in 
their  nature,  and  diflfer  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
Leuckart,^  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
perfectly cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
worrn^  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
intestine, and  acquires  fully  developed  sexual  organs;  —  so  that  the 
females,  after  the  first  week^  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
muscular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  atom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscarity  may  hang  round  the  origin  or  repro* 
duction  of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge^ 
IB  that  organized  beings,  animal  and  vegetabhj  wherever  they  may  bf. 
foundj  are  always  the  progeny  of  previously  existing  parents. 

^  On  Anim&l  and  Vegetable  PnrMitcf,  Bydenham  tracBlalion:  London.  1867,  p. 
JT5w  >  Op- ciL,  p,  12a 
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CHAPTER   II. 

ON  SEXUAL  GENERATION,  AND  THE  MODE  Of  ITS 
ACCQMFL18HMENT. 


Fig.  174- 


..-« 


I 


The  function  of  generation  is  performed  by  means  of  tiro  sets  a( 
organs,  each  of  which  gives  origin  to  a  peculiar  product,  cdpi1:»fe 
of  uniting  with  the  other  so  as  to  produce  a  new  individuaL    TIm« 

two  sets  of  organs,  belonging  to  llic  j 
two  different  sexes,  are  called  the  maii I 
and  female  organs  of  generatiatt«    T%ll 
female  organs  produce  a  globalar  body 
called  the  ^erm,  or  e(jg,  which  is  c^ipahb 
of  being  developed  into  the  bodr  ol 
the  young  animal  or  plant  j  the  mtk 
organs  produce  a  substance  whkfa  a 
necessary  to  fecundate  the  germ*  iri 
enable  it  to  go  through  with  its  nmtiinl 
growth  and  development. 

Such  are  the  only  essential  and  uni- 
versal characters  of  the  orgasd  of  geo^ 
ration.  These  organs^  however,  exiiifait 
various  additions  and  modificfltiOQs  ifl 
different  classes  of  orgatiisad  bdsgs^ 
while  they  show  throughotit  the  sum 
fundamental  and  essential  charactem 
In  the  flowering  plants,  for  esainple 
the  blossom^  which  is  the  generaittfv 
apparatus  (Fig*  174X  coni^ists  finrt  of  A 
female  orgafi  containing  the  germ  (a\  situated  usually  upon  tfce 
highest  part  of  the  leaf- bearing  stalk.  This  is  surmonnied  byt 
nearly  straight  column,  termed  tlie  pistil  (h),  dilated  at  its  sQnmMl 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flowtf. 
Around  it  are  arranged  several  slender  filaments,  or  staoieitt^  b0i^ 
mg  upon  their  extremities  the  male  organs,  or  anthers  (c^c).    Ttol 
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areolar  tissue,  by  which  it  was  previously  connected  with  the 
iiDdtaQce  of  the  ovary. 
Atler  the  third  week  from  the  close  of  menstruatioQ,  the  corpuii 
Hnteum  passes  into  a  retrograde  coaditioa.     It  diminishes  peruep* 
^fibly  in  size,  and  the  eentral  coagulum  con- 
linaes  to  be  absorbed  and  loses  gtill  farther  f""s-  ^s», 

itd  coloring  matter.  The  whole  body  under* 
goes  a  process  of  partial  atrophy;  and  at 
the  end  of  the  fourth  week.it  is  not  more 
than  three-eighths  of  an  inch  in  its  longest 

Kameter.  (Fig,  189.)    The  external  cicatrix 
ay  still  usually  be  seen,  as  well   as   the 
point  where   the   central   coagulum  comes 
in  oontact  with  the  peritoneum.     There  is 
still    no   organic    connection    between   the 
central  coagulum  and  the  convoluted  wall ; 
but  the  partial  condensation  of  the  clot  and 
the  continued  folding  of  the  wall  prevent  the 
aeparalion  of  the  two  being  so  easily  acconi- 
HUshed  as   before^  though  it  may  still   be 
■lected  by  careful  management.     The  entire  corpus  luteum  may 
Vbso  still  be  extracteii  from  its  bed  in  the  ovarian  tissue. 

The  color  of  the  convoluted  wall,  during  the  early  part  of  this 
retrogrmle  stage,  instead  of  fading,  like  that  of  the  fibrinous  coagn* 
im,  becomes  more  strongly  marked.  From  having  a  dull  yellowish 
rosy  hue,  as  at  first,  it  gradually  as- 
nes  a  brighter  and  more  decided  yellow. 
lis  change  of  color  in  the  convoluted 
wall  is  produced  in  consequence  of  a 
kind  of  iatty  degeneration  which  takes 
place  in  its  texture ;  a  large  quantity  of  oiU 
globules  being  deposited  in  it  at  this  time, 
as  may  be  readily  recognized  under  the 
microscope.  At  the  end  of  the  fourth 
week»  this  alteration  io  hue  is  complete; 
and  the  outer  wall  of  the  corpus  luteum 
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tithen  of  a  clear  chrome-yellow  color,  by 


rbich  it  is  readily  distinguished  from  all 
the  neighboring  tissues. 

After  this  period*  the  process  of  atrophy 
and  degeneration  goes  on  rapidly.    The  clot  becomes  constantly 
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upon  itself^  which  opens  by  an  external  orifice  (c)  upon  tlie  1 
border  of  the  articulation,  about  midway  between  its  Iwo  ei* 
tremities.  The  spermatic  fluid  produced  in  the  testicle  h  iatro' 
duced  into  the  female  generative  passage,  which  opens  at  tb«  t 
spot,  and,  penetrating  deeply  into  the  interior,  comes  in  contect 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fertik 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay ^ 
the  articulation,  and  a  vast  number  of  young  are  produced  by  that 
developmenL 

In  snails,  also,  and  in  som«  other  of  the  lower  animals,  the  ovarid 
and  testicles  are  both  present  in  the  same  individual;  so  that  th«c 
animals  are  sometimes  said  to  be  "  hermaphrodite,"  or  of  double  | 
sex.    In  reality,  however,  it  appears  that   the  male  and  female  I 
organs  do  not  come  to  maturity  at  the  same  time;  but  the  ovaries 
are  first  developed  and  perform  their  function,  after  which  the  tes-J 
tides  come  into  activity  in  their  turn.    The  same  individual^  there' j 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  fi!3l] 
female  and  aflerward  male^  exercising  the  two  generative  funcUc 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  generatife] 
organs  are  located  in  separate  individuals ;  and  the  species 
consequently  divided  into  two  sexes,  male  and  female.  AH 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  ' 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside  thes^l 
however,  there  are,  in  most  instances,  certain  secondary  or 
eory  organs  of  generation,  which  assist  more  or  less  in  the  i 
plishment  of  the  process,  and  which  occasion  a  greater  difiEersooo  k| 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  mamma 
glands  of  the  female,  the  vesiculse  seminales  and  prostate  gkndl 
of  the  male.  The  female  naturally  having  the  immediate  can^  i 
the  young  after  birth,  and  the  male  being  occupied  in  providio 
food  and  protection  for  both,  there  are  also  corresponding  dtJ 
ences  in  the  general  structure  of  the  body,  which  a^ect  tbe  whsbl 
external  appearance  of  the  two  sexes,  and  which  even  show  I 
selves  in  their  mental  and  moral,  m  well  as  in  their  pbyakall 
characteristics.  In  some  cases  this  difference  is  so  excessive  tliati 
the  male  and  female  would  never  be  recognized  as  belonging  to  th« 
same  species,  unless  they  were  seen  in  company  with  each  otberJ 
Not  to  mention  some  extreme  instances  of  this  among  insects  i 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  well- 1 
known  examples  of  the  cock  and  the  hen,  the  lion  and  lioness^  thdl 
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back  and  tbe  doe.  In  the  human  species,  also,  the  d 
between  the  sexes  shows  itself  in  the  mental  constitutioi 
pontign,  habits^  and  parsuita^  as  well  as  in  the  general  c 
tkm  of  the  body,  and  the  pecoliarities  of  external  appears 
We  shall  now  study  more  fully  the  character  of  the  i 
Ibmale  organs  of  generation,  together  with  their  products, 
manner  in  whioh  these  are  discharged  from  the  body,  and 
into  xelatiiHi  with  each  other* 
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CHAPTER  in. 

AND    THE    FEMALE    OBGA 
GENEBATION. 


Fig.  176, 


The  egg  is  a  globular  body  which  varies  considerably  in  sixei 
different  claases  of  animak,  according  to  the  peculiar  cx^nditi 
under  which  ita  development  is  to  take  place.  In  the  irog  it  m^a^ 
sures  x^2  of  an  inch  in  diameter,  in  the  lamprey  j^j,  in  quadrupeds 
and  in  the  human  species  xln*  ^^  consists^  firsts  of  a  membmnooi 
external  sac  or  envelope,  the  vitelUnt  fmmbrane;  and  secondly,  of  i 
gpherical  mass  inclosed  in  its  iDterior,  called  the  viullits. 

The  vitelline  membrane  in  birds  and  reptiles  is  very  thin,  measur* 
ing  oilen  not  more  than  xzhv^  of  an  inch  in  thickness,  and  is  at  tk« 

same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animals,  on  tbe 
contrary,  it  ia  perfectly  smooth,  structure- 
less and  transparent^  and  is  about  jiVv  ^^ 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance^  it 
has  a  considerable  degree  of  resistaBoe 
and  elasticity.  The  egg  of  the  homaa 
gubject,  for  example,  may  be  pereepubtj 
flattened  out  under  the  microscope  hy 
pressing  with  the  point  of  a  needle  xipoc 
the  slip  of  glass  which  covers  it;  but  ii 
still  remains  unbroken,  and  when  iim 
pressure  is  removed^  readily  resumes  its  globular  form.  Wbco  the 
egg  is  somewhat  flattened  under  the  microscope  in  this  way,  h/ 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vitcffiiie 
membrane  is  increased,  and  it  then  appears  (Fig.  17rt)  as  a  ralb«rr 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  the  gmao- 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  it  has  60in& 
times  received  the  name  of  the  "zona  pellucida,**     The  namaof 
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vitelline  membrane,  however,  is  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two* 

The  vttellus  (b)  is  a  globular,  semi-solid  maad^  contained  within 
Hhe  vitelline  membrane.    It  consists  of  a  colorless  albuminoid  sub- 
stance, ^nth  an  abundance  of  minute  molecules  and   oleaginous 
granules  scattered   through  it.     These  minute  oleaginous  masses 
give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope*     Imbedded  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
clear^  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  known 
as  the  fferminaiiv€  vesicle.     In  the  egg  of  the  human  subject  and  of 
^be  quadrupeds,  this  vesicle  measures  ^Jq  to  ^^^  of  an  inch  in 
Biiameter,    It  presents  upon  its  surface  a 
dark  spot,  like  a  nucleus  (t/),  which  is  known 
the  name  of  the  germinatite  spot     The 
Brminative  vesicle,  with  its  nucleus- like 
3t>  ia  often  partially  concealed  by  the 
ranules  of  the  vitellus  by  Tvhich  it  i?  sur- 
funded,  but  it  may  always  be  discovered 
careful  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
sure under  the  microscope,  the  vitellus  is 
seen  to  have  a  gelatinous  consistency.     It 
is  gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 
globules  entangled  in  its  substance.  (Fig.  177.)    The  edges  of  the 
Ractured  vitelline  membrane,  under  these  circumstances,  present  a 
^Smooth  and  nearly  straight  outline,  without   aoy  appearance  of 
laceration  or  of  a  fibrous  structure.     The  membrane  is,  to  all  ap- 
pearance, perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.    It  is 

from  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 

formed,  and  the  organs  of  the  new  individual  developer!.     The 

"  vitelline  membrane  is  merely  a  protective  inclosure,  intended  to 

fiure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
ring  the  early  periods  of  development 

The  egg,  as  above  described,  consists  therefore   of  a  rimple 

■■tbellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.     It 

4b  such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 

pedsy  moat  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 

animals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 


* 
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eggs  are  deposited  and  hatched  in  the  water,  as  well  as  those  in 
which  they  are  retained  in  the  btxly  of  the  female  until  the  develop- 
ipent  of  the  young  is  completed,  such  an  egg  as  above  described  b 
sufficient  for  the  formation  of  the  embryo;  einoe  during  itsA 
ment  it  can  absorb  freely,  either  from  the  water  in  which  it 
or  from  the  mncous  membrane  of  the  female  generative  orgftus^ 
requisite  supply  of  nutritious   fluids.    But  in  birds  and  in  ibe 
terrestrial  reptiloa>  such  as  lizards,  tortoiseSi  &o^  whera  the  qsgs 
are  expelled  from  the  body  of  the  female  at  an  early  period,  aftd 
incubated  on  land,  there  is  no  external  source  of  nutrition,  to  pm* 
vide  for  the  support  of  the  young  animal  during  its  developmci^L 
In  these  instances  accordingly  the  vitellus,  or  "  yolk,**  as  it  is  called, 
is  of  very  large  size ;  and  the  bulk  of  the  egg  is  still  fQither  in- 
creased by  the  addition,  within  the  female  generative  passagefl^oC 
layers  of  albumen  and  various  external  fibrous  and  calcamntt 
envelopes.     The  essential  constituents  of  the  egg,  however,  sl31 
remain  the  same  in  character^  and  the  process  of  embryonic  d0?e> 
lopment  follows  the  same  general  laws  as  in  other  cases. 

The  eggs  are  produced  in  the  interior  of  certain  organs^  sitnafted 
in  the  abdominal  cavity,  called  the  ovaries.  These  organs  consd 
of  a  number  of  globular  sacs^  or  follicles,  known  as  the 
follicles/*  each  one  of  which  contains  a  single  egg.  The  foHi 
are  connected  with  each  other  by  a  quantity  of  vascular  areohr 
tissue,  which  binds  them  together  into  a  well-defined  and  oonstsleat 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum.  The 
egg  has  sometimes  been  spoken  of  as  a  "  product,"  or  erea  aa  i 
"secretion"  of  the  ovary.  Nothing  can  be  more  inappro|irafi^ 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  regard  tht 
ovary  as  in  any  respect  resembling  a  glandular  organ.  The  egg  ti 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  in  hi 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  femala 
It  is  destined  to  be  finally  separated  from  its  attachments  ami 
thrown  oiT;  but  until  that  time,  it  is,  properly  speaking,  a  j^ait  rf 
the  ovarian  texture,  and  is  nourished  like  any  other  portioii  of  ll» 
female  organism. 

The  ovaries  accordingly,  since  they  are  directly  oolioeniod  ta 
the  production  of  the  eggs,  are  to  be  regarded  as  the  cssenlal 
parts  of  the  female  generative  apparatus.  Beside  them,  liowef«r. 
there  are  usually  present  certain  other  organs*  which  play  a  seooa* 
dary  or  accessory  part  in  the  process  of  generation.  The  ndH 
important  of  these  accessory  organs  are  two  symmetrical  tctbest  or 
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Fig.  178. 


ndiictSf  wLich  are  destined  to  receive  the  eggs  at  their  internal 
Uremity  and  convey  them  to  the  external  generative  orifice.  The 
lucous  membrane  lining  the  oviducts  is  also  intended  to  supply 
Bitain  secretiond  during  the  passage  of  the  egg,  which  are  requi- 
ite  either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
[)f  the  embryo. 

In  the  frog,  for  example,  the  oviduct  commences  at  the  upper 
part  of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
directly  with  the  peritoneal  cavity.  It 
3n  after  contracts  to  a  narrow  tube, 
id  pursues  a  zigzag  course  down  the 
flde  of  the  abdomen  (Fig.  178),  folded 
ipoa  itself  in  convolutions^  like  the 
aall  intestine,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  the 
*' cloaca"  or  lower  part  of  the  intestinal 
Gjinal.  The  oviducts  present  the  game 
Bneral  characters  with  those  described 
jtbove,  in  nearly  all  species  of  reptiles 
ad  birds ;  though  there  are  some  modi- 
|cations>  in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  whtch 
ley  contain,  undergo  at  particular  sea- 
>n8  a  periodical  development  or  increase 
growth.     If  we  examine  the  female 
rog  in  the  latter  part  of  summer  or  the 
J,  we  shall  find  the  ovaries  presenting 

iie  appearance  of  small  clusters  of  minute  and  nearly  colorless 
&gg^,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
yj^  of  an  inch  in  diameter.  But  in  the  early  spring,  when  the 
season  of  reproduction  approaches,  the  ovaries  will  be  found  in- 
creased to  four  or  five  times  their  former  size,  and  forming  large 
lobulated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ing y'g  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
seftson^  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
were  previously  in  an  imperfect  and  inactive  condition*  begin  to 
Acrease  in  size  and  become  somewhat  altered  in  structure.  The 
Htellus  more  especially,  which  was  before  colorless  and  transparent, 
>mes  granular  ii?  texture  as  well  as  increased  in  volume;  and 
assumes  at  the  same  time,  in  many  species  of  animals,  a  black. 
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at  its  bottom  a  small  globular  mafis^  like  the  head  of  the  Te&ia» 
provided  with  suckers  and  hooks,  and  supported  upon  a  short 
sleuder  neck.  If  the  outer  investing  sac  be  removed,  the  narn>w 
canal  just  described  may  be  everted  by  careful  manipalatioo,  and 
the  parasite  will  then  appear  as  in  Fig,  173,  with  the  head  and  n«ck 
resembling  those  of  a  Tasnia,  but  terminating  behind  in  a  dropdcal 
aac-like  swelling,  instead  of  the  chain  of  articulations  which  M 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  KuchenmeiiiSf 
Stebold,  and  others,  that  ihe  Cysticercus  is  only  the  impertectly 
developed  embryo,  or  young,  of  the  Tajnia.  When  the  mataw 
articulation  of  the  tapeworm  is  thrown  off,  as  already  raentiooeJj 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  OM 
oontains  an  imperfectly  formed  embryo.  The  articulation,  oontaifi* 
ing  the  eggs  and  embryos,  is  then  taken,  with  the  food^  lnU>  the 
stomach  of  another  animal ;  the  substance  of  the  articulation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  by  di- 
gestion, and  the  embryos  are  thus  set  free.  They  then 
through  the  walls  of  the  stomach,  into  the  neighboring  or| 
the  areolar  tissue,  and  becoming  encysted  in  these  situatians.  «« 
there  developed  into  cysticerci,  as  represented  in  Fig.  172.  Alter* 
ward,  the  tissues  in  which  they  are  contained  being  devoured!  Vj 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itseSf 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodactl 
the  long  tape-like  series  of  articulations,  by  which  it  is  fioaUy  ooo* 
verted  into  the  full-grown  Taenia. 

Prof.  Siebold  found  the  bead  of  the  Cysticercus  &scioIarisy  met 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  resem- 
blance  to  the  Taenia  crassicollis,  inhabiting  the  intestine  of  the  ci^ 
that  he  was  led  to  believe  the  two  parasites  to  be  identicaL  TKi 
identity  was,  in  fact,  proved  by  the  experiments  of  Kuchenmeistcr; 
and  Siebold  afterward  demonstrated'  the  same  relation  to  exiH 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  ni^ 
bits,  and  the  Taenia  serrata,  from  the  intestine  of  the  dog.  TUl 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  tk 
cysticerci.  fresh  from  the  body  of  the  rabbit,  mixed  with  milk;  a^ 
on  killing  the  dogs,  at  various  periods  after  the  meal,  fVom  tlntt" 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  slagesof 

*  In  BnflTalo  M<^4ioal  Journal,  P«b.  185S ;  also  in  Siebold  on  T«p«  and  C|«yt 
9^ortu8,  Sydcubaui  IrantlaUon ;  LoDdon,  1657,  p.  09. 
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irelopment  in  the  intestiae,  and  finally  converted  into  the  full 
>wn  Tasnia,  with  complete  articulations  and  mature  eggs. 
Dr,  Kiichenraeister'  has  also  performed  the  same  experiment,  with 
success^  on  the  human  subject.  A  number  of  cysticerci  were  ad- 
ministered to  a  criminal,  at  different  periods  before  his  execution, 
Yarying  from  12  to  72  hours;  and  upon  post-mortem  examination 
of  the  body,  no  less  than   ten   young  tseniie  were  found  in  the 

ttestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
'  Taenia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister  *  have 
ehown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
ih^  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosas; 
Ips  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
^yelopment. 

^Finally,  it  is  now  known,  principally  from  the  investigations  of 
I^euckart,'  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
KTibed,  in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 

Pihe  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
the  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im* 
Kfectly  cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
•m,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
jstine,and  acquires  fully  developed  sexual  organs;  —  so  that  the 
females,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
mascular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion* Whatever  obscurity  may  hang  round  the  origin  or  repro* 
la<kion  of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge, 
is  that  organized  beings,  animal  and  vegelabk,  wherever  ihey  may  be 
foundj  art  always  the  progeny  of  previously  existing  parents  > 

^BOd  Aiiimftl  in d  Vegetable  PnrftsUet,  Sydenham  traiiBlilbn:  London.  1857*  p 
s  UnteraaoKungen  iiber  Trtohinft  spiraUa,     Leipitg,  18^. 
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CHAPTER  II. 

ON  SEXtTAL  OENBBATIOK  AND  THE  MODE  OF  ITS 
ACCOMPLISHMENT. 


Fig.  174. 


.^S 


.^c 


The  fanction  of  generAtion  is  performed  by  meant  of  two  scto  rf  . 
organs,  each  of  which  gives  origin  to  a  peculiar  product^  ciptUel 
of  uniting  with  the  other  so  as  to  produce  a  new  individoal.    These 

two  set*?  of  organs,  belonging  to  ik 
two  different  sexes,  are  called  iIm  mik 
and  female  organs  of  generation.  T%e 
female  organs  produce  a  globular  body 
called  the  germ,  or  egg^  which  is  capabb 
of  being  developed  into  the  bodjr  el 
the  young  animal  or  plant ;  the  nak 
organs  produce  a  substanoe  which  if 
necessary  to  fecundate  the  germ,  lad 
enable  it  to  go  through  with  its  naUinl 
growth  and  development. 

Such  are  the  only  essential  and  imi* 
versal  characters  of  the  organs  of  g«ie* 
ration.  These  organs,  howeveri  exhibit 
various  additions  and  modificalioos  ts 
different  classes  of  organised  betofi^ 
while  they  show  throughout  the  fixmt 
fundamental  and  essential  chametefa 
In  the  flowering  plants^  lor  axajupla 
the  blossom,  which  is  the  geneWm 
apparatus  (Kg,  174X  consists  flm  of  % 
female  organ  containing  the  germ  {a),  situated  usually  QpoQ  tfc« 
highest  part  of  the  leaf-bearing  stalk.  This  is  surmounted  by* 
nearly  straight  column,  termed  the  pistil  {h\  dilated  at  its  atJ 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower.j 
Around  it  are  arranged  several  slender  filaments,  or  stamcoa  b«r* 
»ng  upon  their  extremities  the  male  organs,  or  anthers  (c^cX    The 
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whole  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
colored  leaves,  termed  the  corolla  (c/),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e). 
The  anthers,  when  arrived  at  maturity^  discharge  a  fine  organic 
dust^  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera- 
tion is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
£l11  oflC  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture^  until  it  ripens  into  the  mature  fruit  or  seed.  It 
is  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant  _ 
similar  to  the  old.  | 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower;  as  in  the  lily,  the  violet,  the  con- 
volvultts,  &a  In  other  cases,  there  are  separate  male  and  female 
flowers  upon  the  same  plant,  of  which  the  male  flowers  produca  I 
only  the  pollen,  the  female,  the 
germ  and  fruit.    In  others  still,  ^*8' 

the  male  and  female  flowers  are 
situated  upon  different  plants, 
which  other^dse  resemble  each 
other,  as  in  the  willow,  poplar, 
and  hemp. 

In  animals,  the  female  organs 
of  generation  are  called  ovaries, 
since  it  is  in  them  that  the  ^gg, 
or  "ovum/'  is  produced.  The 
male  organs  are  the  testicles, 
which  give  origin  to  the  fecun- 
dating prmluct,  or  '*  seminal 
fluid*''  by  which  the  egg  is  fer- 
tilized. We  have  already  men- 
tioned above  that  in  the  articula- 
tions of  the  tapeworm  the  ovaries 
and  testicles  are  developed  to- 
getlier.  fFig.  175.)    The  ovary 

(o^  o,  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
extremities,  and  communicating  with  each  other  by  a  central  canal 
The  testicle  (i)  is  a  narrow,  convoluted  tube,  very  much  folde 
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upon  itself,  which  opens  by  an  external  orifice  (c)  upon  the  lateral 
border  of  the  articulation,  about  midway  between  its  two  ex- 
tremities. The  spermatic  fluid  produced  in  the  testicle  is  intro- 
duced into  the  fem^ale  generative  passage,  which  opens  at  the  s&mo 
spot,  and,  penetrating  deeply  into  the  interior,  comes  in  contact 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  iertile; 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vaet  number  of  young  are  produced  by  their  ^ 
development 

In  snails,  also,  and  in  some  other  of  the  lower  animala,  the  ovaries 
and  testicles  are  both  present  in  the  same  individual;  so  that  these 
animals  are  sometimes  said  to  be  "  hermaphrodite,''  or  of  double 
sex.    In  reality,  however,  it  appears  that   the   male  and  femak 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovariei 
are  first  developed  and  perform  their  function,  afler  which  the  tes- 
ticles come  into  activity  in  their  turn.     The  same  individual,  thefe-l 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  firsti 
female  and  afterward  male^  exercising  the  two  generative  functioDsl 
at  different  ages. 

In  all  the  higher  animals^  however,  the  two  sets  of  genertUTa  I 
organs  are  located   in  separate  individuals ;  and   the  Bpe^ss  iai 
consequently  divided  into  two  sexes,  male  and  female.    All  dtfAi 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence  I 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.     Beside  these;  ] 
however,  there  are,  in  most  instances,  certain  secondary  or  acooE* 
8ory  organs  of  generation,  which  assist  more  or  less  in  the  accoo- 
plishment  of  the  process,  and  which  occasion  a  greater  di&reoce  la 
the  anatomy  of  the  two  sexes.     Such  are  the  uterus  and  mammary  J 
glands  of  the  female^  the  veaiculaB  seminales  and  prostate  gland  | 
of  the  male.    The  female  naturally  having  the  immediate  care  of 
the  young  after  birth,  and  the  male  being  occupied  in  proridag  J 
food  and  protection  for  both,  there  are  also  corresponding  difler* 
ences  in  the  general  structure  of  the  body,  which  affect  the  whole  I 
external  appearance  of  the  two  sexes,  and  which  even  show  them-  j 
selves  in  their   mental   and   moral,  as  well  as  in  their  phy^ii^l 
characteristics.     In  some  cases  this  diiTerence  is  so  excessive  thil| 
the  male  and  female  would  never  be  recognized  aa  belonging  to  f^ 
same  species,  unless  they  were  seen  in  company  with  each  other.  1 
Not  to  mention  some  extreme  instances  of  this  among  insects  mdf 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  wdl^ 
known  examples  of  the  cock  and  the  hen,  the  lion  and  liooei^  IImJ 
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back  and  the  doe.  In  the  human  species,  also,  the  distinction 
between  the  sexes  shows  itself  in  the  mental  constitution,  the  dis- 
poeitign,  habits,  and  pursuits^  as  well  as  in  the  general  conforma- 
tion of  the  body,  and  the  peculiarities  of  external  appearance. 

We  shall  now  study  more  fully  the  character  of  the  male  and 
female  organs  of  generation,  together  with  their  products,  and  the 
manner  in  which  these  are  discharged  from  the  body,  and  brought 
into  relation  with  each  other. 
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CHAPTER   III. 


OK    THE    EGG, 


AND    THE    FEMALE    ORGA 
GENERATION. 


Pig.  178. 


The  egg  is  a  globular  body  which  varies  considerablj  in  sue  in 
different  clasdes  of  animals^  according  to  the  p^^ultar  oonditiaai 
under  which  its  development  is  to  take  place.  In  the  &ag  it  me^ 
sures  T^j  of  an  inch  in  diameter,  in  the  lamprey  5^^,  in  quadrupeds 
and  in  the  human  species  j\j^.  It  consists,  first,  of  a  membranous 
external  sac  or  envelope,  the  mtelline  membrane ;  and  secondly,  of  n 
spherical  mass  inclosed  in  its  interior,  called  the  vitellu*. 

The  vitelline  membrane  in  birds  and  reptiles  is  very  thin,  measur- 
ing often  not  more  than  ^  ^  (^i^  of  an  inch  in  thickness,  and  is  at  the 

same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animals,  on  tlie 
contrary,  it  is  perfectly  smooth,  structure- 
less and  transparent,  and  is  about  y^^^  of 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance^  it 
has  a  considerable  degree  of  r^istanoe 
and  elasticity*  The  egg  of  the  humnn 
subject,  for  example,  may  be  perceptfblj 
flattened  out  under  the  microsoope  hf 
pressing  with  the  point  of  a  needle  upon 
the  slip  of  glass  which  covers  it ;  but  it 
still  remains  unbroken,  and  when  ti« 
pressure  is  removed*  readily  resumes  its  globular  form.  lIVTien  ibe 
egg  is  somewhat  flattened  under  the  microscope  in  this  way,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vitcHioa 
membrane  is  increased,  and  it  then  appears  (Fig.  176)  as  a  ralkr  | 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  thegnmiK 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  it  ha.ii  •o^D^ 
times  received  the  name  of  the  "  zona  pellucida.'^     The  xiaJD4  c^ 


dllkmet«r».  a.  Vltfillliiemembfiiii^ 


XGG  AND  TEMALK  ORGANS  OT   aBNlRATION. 


■htelline  membrane,  however,  is  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two. 

The  vilelhis  (b)  \s  a  globular,  semi-solid  mass,  contained  within 
■he  vitelline  membrane*     It  consists  of  a  colorless  albuminoid  sub- 
■fcanee,  with  an  abundance  of  minute   molecules  and   oleaginous 
granules  scattered   through  it.     These  minute  oleaginous  masses 
pve  to  the  vitellus  a  partiallj  opaque  and  granular  aspect  under 
le  microftcope*     Imbedded  in  the  vitellus^  usually  near  its  surface 
id  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
ear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  kno^vn 
i  the  fjcrminalive  vesicle.     In  the  egg  of  the  human  subject  and  of 
he  quadrupeds,  this  vesicle  measures  g jj  to  g^^^  of  an  inch  in 
ameter     It  presents  upon  its  surface  a 
ark  spot,  like  a  nucleus  (f/),  which  is  known 
the  name  of  the  germinnttve  spot.     The 
erminative  vesicle,  with  its  nucleus-like 
>ot,  la  often  partially  concealed  by  the 
ranules  of  the  \ntellus  by  which  it  i^  sur- 
unded.  but  it  may  always  be  discovered 
careful  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
under  the  microscope,  the  vitellus  is 
n  to  have  a  gelatinous  consistency.     It 
is  gradually  expelled  from  the  vitelline 
cavity,  but  still  retains  the  granules  and  oil 
globules  entangled  in  its  substance.  (Fig*  177.)    The  edges  of  the 
fractured  vitelline  membrane,  under  these  circumstances,  present  a 
smooth  and   nearly  straight   outline,  without  any  appearance  of 
laceration  or  of  a  fibrous  structure.     The  membrane  is,  to  all  ap- 
pearancef  perfectly  homogeneous. 

The  most  essential  eonslitueot  of  the  egg  is  the  vitellus.  It  is 
from  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
farmed,  and  the  organs  of  the  new  individual  developed*  The 
vitelline  membrane  is  merely  a  protective  inclosure,  intended  to 
secure  the  %ntellus  from  injury,  and  enable  it  to  retain  its  figure 
during  the  early  periods  of  development. 

The  egg.  as  above  described,  consists  therefore  of  a  simple 
vitellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it  It 
is  such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 
|>eds,  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
animals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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sexea  maaifests  itself.  Thia  is^  indeed,  more  or  less  the  case  viA 
all  animab  and  with  all  vegetables.  The  bloasooii  wbkk  is  iht 
sexual  apparatus  of  the  plants  docs  not  appear,  as  a  geocral  rukf 
until  the  growth  of  the  vegetable  has  coutiDued  for  a  certaia  lini^ 
and  it  has  acquired  a  certain  age  and  strength.  Hreo  in  the  hmnsii  | 
subject  the  sexual  organs,  though  present  at  birth^  are  still  rtrj 
imperfectly  developed  as  to  size,  and  altogether  inactive  in  fimfr 
tioiL  It  is  only  later  that  these  organs  acquire  their  foil  growtk,  i 
and  the  sexual  characters  become  complete.  In  very  many  of  tW 
lower  animals  the  sexual  organs  are  eutirt^y 
F1«.  171.  absent  at  birth^  and  appear  only^  at  a  laler 

period  of  development. 

Now  the  encysted  or  sexless  entosoa  an 
simply  the  undeveloped  young  of  other  pea* 
sites  which  propagate  by  sexual  geonralioii; 
the  membrane  in  which  they  mre  iadoapd 
being  either  an  embryonic  eovelopc»  or  elie 
an  adventitious  cyst  formed  round  the  pin* 
sitic  embryo.  These  embryos  have  ixxaei  in 
the  natural  course  of  their  migration^  ima 
a  ffltuation  which  is  not  suitable  for  their  ooca* 
pletc  development.  Their  development  is 
accordingly  arrested  at  that  point ,  an/I  the 
parasite  never  reaches  the  adult  coDdilio% 
until  removed  from  the  situation  in  wbieh  h 
ha8  been  placed,  and  transported  to  anoll^ 
locality. 

The  above  explanation  has  been 
stratcd  to  be  the  true  one^  more  partieulsify 
with  regard  to  the  T®nia,  or  tapeworm,  aod 
several  varieties  of  Cysticercus.  The  7ir«ie 
(Fig.  171)  is  a  parasite  of  which  differexkt  ifMsdof 
are  found  in  the  intestine  of  the  human  sub)aet, 
the  dogr  cat^  fox,  and  other  of  the  lower  animak 
tmwt^  Its  Upper  extremity,  termed  the  *'  head,"*  euft^ 

slats  of  a  nearly  globular  masfl^  presentiof  Qpofi 
its  lateral  surfaces  a  set  of  four  muscular  disks^  or  '^  wicker^**  aai 
terminating  anteriorly  in  a  conical  prcyection  which  is  ptovUol 
with  a  crown  of  curved  processes  or  hooks>  by  which  the  penoie 
attaches  itself  to  the  intestinal  mucous  membrane.  To  this  ""  besfT 
succeeds  a  slender  ribbon-shaped  neck,  which  is  at  first  smooth,  b«l 
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which  soon  becomes  transversely  wrinkled,  and  afterward  dirided 
ioto  distinct  rectangular  pieces  or  "  articulationg/'  These  articnla 
lions  multiply  by  a  process  of  aucoeasive  growth  or  budding,  from 
the  wrinkled  portion  of  the  neck ;  and  am  constantly  removed  farther 
and  farther  from  their  point  of  origin  by  new  ones  formed  behind 

,ihem.  As  they  gradually  descend,  by  the  process  of  growth, 
farther  down  the  body  of  the  tapeworm,  they  become  larger  and 
begin  to  exhibit  a  sexual  apparatus,  developed  in  their  interior. 
In  each  fully  formed  articulation  there  are  contained  both  male 
and  female  organs  of  generation ;  and  the  mature  eggs,  which  are 

ipToduoed  in  great  numbers,  are  thrown  off  together  with  the  articu- 

'  lation  itself  from  the  lower  extremity  of  the  tapeworm.  Since  the 
articulations  are  successively  produced,  as  we  have  mentioned  above, 
by  budding  from  the  neck  and  the  back  part  of  the  head,  the  para- 
Itte  eannol  be  effectually  dislodged  by  taking  away  any  portion  of 

^thfl  body,  however  large ;  since  it  is  subsequently  reproduced  from 
the  head,  and  continues  its  growth  as  before.  But  if  the  head  itself 
be  removed  from  the  intestine,  no  further  reproduction  of  the  articu- 
lations can  take  place. 

The  Cysticercus  is  an  encysted  parasite,  different  varieties  of  which 
are  found  in  the  liver,  the  peritoneum,  and  the  meshes  of  the  areolar 
tissue  in  various  parts  of  the  body.  It  consists  (Fig.  172)  first,  of 
a  globular  sac,  or  cyst  (a),  which  is  not  adherent  to  the  tissues  of 
30  organ  in  which  the  parasite  ia  found,  but  may  be  easily  sepa- 
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from  them.    In  its  interior  is  found  another  sac  {h\  lying 

Moose  in  the  cavity  of  the  former,  and  filled  with  a  serous  fluid. 

This  second  sac  presents,  at  one  point  upon  its  surface,  a  puckered 

depression,  leading  into  a  long,  narrow  canal  (c).    This  canal,  which 

is  formed  by  an  involution  of  the  walls  of  the  second  sac,  presents 
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at  its  bottom  a  small  globular  masa,  like  the  head  of  th«  Taenia, 
provided  with  suckers  and  hooks,  aud  supported  upon  a  short 
slender  neck.  If  the  outer  investing  sac  be  removed,  the  narrow 
canal  just  described  may  be  everted  by  careful  manipulation,  and 
the  parasite  mil  then  appear  as  in  Fig.  173,  with  the  head  and  neck 
resembling  those  of  a  Taenia,  but  terminating  behind  in  a  dropdcil 
sac-like  swellings  instead  of  the  chain  of  articulations  which  in 
characterifitic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  KiichenmcistlS^ 
Siebold,  and  others,  that  the  Cysticercus  is  only  the  impeifectlj 
developed  embryo,  or  young,  of  the  Tsenia.     When  the  matitiv 
articulation  of  the  tapeworm  is  thrown  off;  as  already  mentiooe^ 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  al 
passed  through  a  certain  period  of  development,  so  that  each  1 
contains  an  imperfectly  formed  embryo.     The  articulation,  contua*' 
ing  the  eggs  and  embryos^  is  then  taken,  with  the  food,  into  tlse 
stomach  of  another  animal ;  the  substance  of  the  articulation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  by  di** 
gestion,  and  the  embryos  are  thus  set  free.    They  then  penetralo 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue^  and  becoming  encysted  in  these  situations,  M 
there  developed  into  cysticerci,  as  represented  in  Fig,  172*    Aftfl^ 
ward,  the  tissues  in  which  they  are  contained  being  devoaned  hj 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixea  ttacff 
to  the  mucous  membrane,  and,  by  a  process  of  buddings  prodooei  ] 
the  long  tape-like  series  of  articulations,  by  which  it  is  finally  oofr 
verted  into  the  full-grown  Taenia. 

Prof  Siebuld  found  the  head  of  the  Cysticercus  fasciolaris^  nel 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  rcseoh 
biance  to  the  Taenia  crassicoltis,  inhabiting  the  intestine  of  the  otf^ 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.  This 
identity  was,  in  fact,  proved  by  the  experiments  of  Ktichenrndstir; 
and  Stebold  afterward  demonstrated'  the  same  relation  to  exiH 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  nb- 
bits,  and  the  Tsenia  serrata,  from  the  intestine  of  the  dog.  Thk 
experimenter  succeeded  in  administering  to  dogs  a  quantity  gf  ti« 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  Hath  milk ;  lad 
on  killing  the  dogs,  at  various  periods  after  the  meal,  from  tii« 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  stages  ' 


*  In  Boffalo  Medical  Jonrn&l,  Feb,  1653 ;  alio  in  Si«boId  on  Tapt  WOid  tf^ 
^orai&,  SydeDham  tmiBkUon:  London,  1857,  p.  59* 
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er  the  young  animal   leaves  the  egg,  the  umbilical  vesicle 
In  some  species  becomes  withered  and  atrophied  by  the  absorption 
its  contents;  while  in  others,  the  abdominal  walls  gradnaUy 

Fig,  205. 


ToQag  FitH  vUli  umbilical fealct«, 

extend  over  it,  and  crowd  it  back  into  the  abdomen ;  the  nutritious 
matter  which  it  contained  passing  from  the  cavity  of  the  vesicle 
into  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
umbiHcal  vesicle  becomes  more  completely  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication,  as  in  other  instances,  becomes 
gradually  narrowed  by  the  increasing  constriction  of  the  abdominal 
walls.  Here,  however,  the  constriction  proceeds  so  far  that  the 
opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 
adhere ;  so  that  the  narrow  passage  previously 

risting,  between  the  cavity  of  the  intestine 
^und  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is  then  connected  with  tlie 
Iftydomen  only  by  an  impervious  cord.  This 
"cord  ailerward  elongates,  and  becomes  con- 
verted into  a  slender,  thread4ike  pe<licle  (Fig. 
206),  passing  out  from   the  al>domen  of  the 

Btus,  and  connected  by  its  faither  extremity 

ith  the  umbilical  vesicle,  which  is  filled  with 
a  transparent^  colorless  fluid.     The  umbilical 

BSicle  is  very  distinctly  visible  in  the  human 

etna  so  late  as  the  end  of  the  third  month. 

Lfter  that  period  it  diminishes  in  size,  and  is  gradually  lost  in  the 
advancing  development  of  the  neighboring  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia* 


Fig,  20«. 


MODE  OF  11 


Thk  function  of  generation  is  performed  by  means  of  two  mtA  ai 
organs,  each  of  which  gives  origin  to  a  peculiar  product,  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.    Tbde 

two  sets  of  organs,  belonging  to  tlie 
two  di^reot  sexes^  are  called  the  oaflfe 
and  female  organs  of  generation.  The 
female  organs  produce  a  globular  bculy 
called  the  germ,  or  eg^,  which  is  capable 
of  being  developed  into  the  body  of 
the  young  animal  or  plant ;  the  male 
organs  produce  a  substance  wbidi  it 
necessary  to  fecundate  the  germ,  and 
enable  it  to  go  through  with  its  nalniil 
growth  and  development. 

Such  are  the  only  essential  and  imi« 
versal  characters  of  the  organs  of  geoe^ 
ration.  These  organs^  however,  exhihcf  J 
various  additions  and  modificalioQB  fl] 
dl^erent  classes  of  organ jiied 
while  they  show  throughout  the 
fundamental  and  essential  charaocem 
In  tlie  flowering  plants,  for  exaxnpk^ 
the  blossom,  which  is  the  geneniifV 
apparatus  (Fig,  174)»  conaisEtB  flfst  of  i 
female  organ  containing  the  germ  (a\  situated  usually  upon  Ik 
highest  part  of  the  leaf-bearing  stalk.  This  is  surmoanted  bya 
nearly  straight  column^  termed  the  pistil  {h)f  dilated  at  ite  aunwiit 
into  a  globular  expansion,  and  occupying  the  centre  of  tbe  flo««r. 
Around  it  are  arranged  several  slender  filaments,  or  stajsefis*  bor- 
ing U{K>n  their  extremities  the  male  organs^  or  anthers  (c,e)i    T!^ 


PcrBPr«EC«.  (Mofnlng  glory.)— a. 
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CHAPTEE  IX. 

AMNION    AND    ALLANT0I8.— DEVELOiPMiSNT    OP 
THE  CHICK. 

Wb  shall  now  proceed  to  the  description  of  two  other  accessory 
organs,  which  are  formed,  daring  the  development  of  the  fecundated 
^gg,  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
the  allantois;  two  organs  which  are  always  found  in  company  with 
each  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 
In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
supplied  with  moisture,  air,  and  nourishment,  by  the  water  with 
which  it  is  surrounded.  It  can  absorb  directly  all  the  gaseous  and 
liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
and  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  place  without  difficulty  through  the  simple  membranes  of  the 
egg;  particularly  as  the  time  required  for  the  formation  of  the 
embryo  is  very  shorty  and  as  a  great  part  of  the  process  of  develop- 
ment remains  to  be  accomplished  after  the  young  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds^  the  time  required  for  the  develop- 
ment of  the  foetus  is  longer.  The  young  animal  also  acquires  a 
moch  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
ment. This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
is  the  aUantoia. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
cbscribedy  by  the  external  layer,  forming  the  integument;  and 
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upon  itself,  which  opens  by  an  external  orifice  (c)  upon  the  btenl 
border  of  the  articulation,  about  midway  between  its  two  ex* 
tremities.  The  spermatic  fluid  produced  in  the  testicle  is  intrg- 
duced  into  the  female  generative  paissage,  which  opens  at  the  fame 
spot,  and,  penetrating  deeply  into  the  interior^  corner  in  contact 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  feruk 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  ot 
the  articulation,  and  a  vast  number  of  young  are  produced  by  thdr 
development. 

In  snails,  also,  and  in  some  other  of  the  lower  animakr  the  ovanes 
and  testicles  are  both  present  in  the  same  individual ;  so  that 
animals  are  sometimes  said  to  be  *'  hermaphrodite,"  or  of  d< 
sex.  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovariei 
are  first  developed  and  perform  their  function^  after  which  the  V» 
tides  come  into  activity  in  their  turn.  The  same  individual  ihero- 
fore,  is  not  both  male  and  female  at  any  one  time;  but  is  firrt 
female  and  afterward  male,  exercising  the  two  generative  foodioiii 
at  different  ages. 

In  all  the  higher  animals^  however,  the  two  sets  of  genertliYa 
organs  are  located  in  separate  individuals;  and  the  species  il 
consequently  divided  into  two  sexes,  male  and  female.  All  tbal 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside  these, 
however,  there  are,  in  most  instances^  certain  secondary  or  acces- 
sory organs  of  generation,  which  assist  more  or  leas  in  the  acoooi- 
plishment  of  the  process,  and  which  occasion  a  greater  difierenoe  is 
the  anatomy  of  the  two  sexes*  Such  are  the  uterus  and  mammsij 
glands  of  the  female,  the  vesiculse  seminales  and  prostate  gkud 
of  the  male.  The  female  naturally  having  the  immediate  cire  d 
the  young  after  birth,  and  the  male  being  occupied  in  providiiiig 
food  and  protection  for  both,  there  are  also  corresponding  difGB^ 
ences  in  the  general  structure  of  the  body,  which  affect  the  whob 
external  appearance  of  the  two  sexes,  and  which  even  show  them- 
selves in  their  mental  and  morale  as  well  as  in  their  pbyiicftl 
characteristics.  In  some  cases  this  difference  is  so  excessive  thit 
the  male  and  female  would  never  be  recognized  as  belonging  to  the 
same  species,  unless  they  were  seen  in  company  with  each  ether. 
Not  to  mention  some  extreme  instances  of  this  among  inaeda  and 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  itbO* 
known  examples  of  the  cock  and  the  hen,  the  lion  and  Ikiiieas^  the 
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Fig.  20&, 


vacant  by  tlie  liaing  up  of  the  amDiotio  fold.    This  diverticulum 

is  the  commencement  of  the  allantois.     It  is  an  elongated  inera- 

braoous  sac,  continuous  with  the  posterior  portion  of  the  intestine, 

and  containing  bloodvessels  derived  from  those 

of  the  intestinal  circulation.    The  cavity  of  the  ^k-  208, 

allantois  is  also  continuous  with  the  cavity  of 

the  intestine* 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  already  described,  over 
the  back  of  the  fojtua,  at  the  amniotic  umbilicus, 
the  adjacent  surfaces,  thus  brought  in  contact, 
fuse  together,  so  that  the  cavities  of  the  two 
folds,  coming  respectively  from  front  and  rear, 
are  separated  only  by  a  single  membranous  par- 
tition (Fig.  209,  c)  running  from  the  inner  to  the 
outer  lamina  of  the  amniotic  folds.    This  parti- 
tion itself  coon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminae  become  consequently  separated  from  each  other.    The 
inner  lamina  (Fig,  209,  a)  which  remains  con- 
tinuous with  the  integument  of  the  foetus,  in- 
dosing  the  body  of  the  embryo  in  a  distinct 
curity,  is  called  the  amnion  (Fig.  210,  6),  and 
its  cavity  is  known  as  the  amniotic  cavity. 
The  outer  lamina  of  the  amniotio  fold,  on  the 
other  hand  (Fig.  209»  h\  recedes  farther  and 
farther  from  the  inner,  until  it  comes  iJi  con- 
tact with  the  original  vitelline  membrane^  still 
covering  the  exterior  of  the  egg;  and  by  con- 
tinued growth  and  expansion  it  at  last  fuses 
with  the  vitelline  membrane  and  unites  with 
its  substance,  so  that  the  two  membranes  form 
but  one.  This  membrane,  formed  by  the  fusion 
and  consolidation  of  two  others,  constitutes  then 
the  external  investing  membrane  of  the  egg. 

The  allantois,  during  all  this  time,  is  increas- 
ing in  size  and  vascularity.  Following  the  course  of  the  amniotio 
folds  as  before,  it  insinuates  itself  between  them,  and  of  course  soon 
comes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  foetus,  and  bringing  its 
vessels  into  contact  with  the  external  membrane  of  the  egg. 


Wtth  fttl4tttOik  oeftrty  rom- 
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CHAPTER   III. 

Ol?   THE   EGG,    AND   THE    FEMALE   QBGAKS   OF, 
GENEKATION, 


Fig,  176, 


The  egg  ia  a  globukr  body  which  variea  considerably  in  siae  h 
difierent  classes  of  animals,  according  to  the  peculiar  conditions 
under  which  its  development  ia  to  take  place.  In  the  frog  it  mea^ 
sores  -^j  of  an  inch  in  diameter,  in  the  lamprey  ^^g,  in  qaadmpcds 
and  in  the  human  species  xi^.  It  consists^  first>  of  a  membranon* 
external  sac  or  envelope,  the  vitelline  membrane;  and  secondly^  of  » 
Bpherical  mass  inclosed  in  ita  interior,  called  the  viteUus. 

The  vitelline  membrane  in  birds  and  reptiles  is  very  thin,  measQi^ 
ing  often  not  more  than  ^  ji^u  of  an  inch  in  thickness,  and  is  at  the 

same  time  of  a  somewhat  fibrous  texture 
In  man  and  the  higher  antmaUt,  on  ibt 
contrary,  it  is  perfectly  smooth^  stmctui^ 
less  and  transparent,  and  is  about  y,V«  ^ 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearaooei  i 
has  a  considerable  degree  of  resisti&oe 
and  elasticity.  The  egg  of  the  Tiumia 
subject^  for  example,  may  be  peroeptihlj 
flattened  out  under  the  miorodcope  by 
pressing  with  the  point  of  a  needle  upoa 
the  slip  of  glass  which  covers  it;  bat  it 
still  remains  unbroken,  and  wbefi  tb 
pressure  ia  removed,  readily  resumes  its  globular  form.  Wben  tba 
egg  is  somewhat  flattened  under  the  microscope  in  this  way,  hj 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  TTtdlnii 
membrane  is  increased,  and  it  then  appears  (Fig.  176)  as  a  rstkf 
wide»  colorless,  and  pellucid  border  or  zone,  surrounding  tbegraaih 
lar  and  opaque  vitellus.  Owing  to  this  appearance,  it  has  mta^ 
times  received  the  name  of  the  "zona  pellucida,"    The  fiasmcf 
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itelline  membrane,  towever,  is  the  ooe  more  generally  adopted, 
^nd  is  also  the  more  appropriate  of  tbe  two* 

The  vitelhts  {b)  is  a  globular,  serai-solid  mass,  contained  within 
be  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  snb- 
aiice»  with  an  abundance  of  minute  molecules  and  oleaginous 
ftnnles  scattered  through  it.  These  minute  oleaginous  masses 
ive  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
aicroscope.  Imbedded  in  the  vitellus,  usually  near  its  surface 
Imost  immediatelv  beneath  the  vitelline  membrane,  there  is  a 
clear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  known 
\  the  germinative  vesicle.  In  the  egg  of  the  human  subject  and  of 
be  quadrupeds,  this  vesicle  measures  ^Jjj  to  jj^  of  an  inch  in 
Ka meter.  It  presents  upon  its  surface  a 
irk  spot,  like  a  nqcleus  (t/),  which  is  known 
the  name  of  the  germinatite  spot.  The 
srminative  vesicle,  %vith  its  nucleus-like 
dt,  is  o^n  partially  concealed  by  the 
mules  of  the  vitellus  by  which  it  ij?  sur- 
funded,  but  it  may  always  be  discovered 
carefhl  examination. 
If  the  egg  be  ruptured  by  excessive  pres- 
re  under  the  microscope,  the  vitellus  is 
&n  to  have  a  gelatinous  consistency.  It 
gradually  expelled  from  the  vitelline 
tvity,  but  still  retains  the  granules  and  oil 

^bules  entangled  in  its  substance.  (Fig.  177.)  The  edges  of  the 
actured  vitelline  membrane,  under  these  circumstances,  present  a 
aooth  and  nearly  straight  outline,  without  any  appearance  of 
gration  or  of  a  fibrous  structure.  The  membrane  is,  to  all  ap- 
irance,  perfectly  homogeneons. 

^The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
>m  the  vitellus  that,  the  body  of  the  embryo  will  afterward  be 
farmed,  and  the  organs  of  the  new  individual  developed.  The 
Titelline  membrane  is  merely  a  protective  inclosure,  intended  to 
sure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
iring  the  early  periods  of  development, 

iThe  egg,  as  above  described,  consists  therefore  of  a  simple 
bIIus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.     It 
an  egg  which  is  found  in  the  human  subject,  the  quad  ni- 
ls, most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
limals.    In  nearly  all  those  species,  in  fact,  where  the  fecundated 
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eggs  are  deposited  and  hatched  in  the  water^  as  well  as  those  in 
which  they  are  retained  in  the  body  of  the  female  until  the  develop* 
^lent  of  the  young  is  completed,  such  an  egg  as  above  described  \% 
sufficient  for  the  formation  of  the  embryo ;  since  duriag  ita  devebp- 
ment  it  can  absorb  freely,  either  from  the  water  in  which  it  ftoa^ 
or  from  the  mucous  membrane  of  the  female  generative  orgaas»  tbd 
requisite  supply  of  nutritious  fluids.  But  in  birds  and  m  ih» 
terrestrial  reptile^  such  as  lizards,  tortoises^  ko^  where  the  egp 
are  expelled  from  the  body  of  the  female  at  an  early  period^  tnd 
incubated  on  land,  there  is  no  external  source  of  nutrition^  to  pitK 
vide  for  the  support  of  the  young  animal  during  its  devclopmeaL 
In  these  instances  accordingly  the  vitellus,  or  **  yolk,*'  as  it  is  calhsi 
is  of  very  large  size ;  and  the  bulk  of  the  egg  is  still  further  in- 
creased by  the  addition,  within  the  female  generative  paiBageSk  of 
layers  of  albumen  and  yarious  external  fibrous  and  cal< 
envelopes.  The  essential  constituent  of  the  egg,  however, 
remain  the  same  in  character,  and  the  process  of  ombryonic  deve- 
lopment follows  the  same  general  laws  as  in  other  eas^. 

The  eggs  are  produced  in  the  interior  of  certain  orgaoa,  siti 
in  the  abdominal  cavity,  called  the  ovaries.  These  organs 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  *^  Graafian 
follicles/*  each  one  of  which  contains  a  single  egg.  The  folliclci 
are  connected  with  each  other  by  a  quantity  of  vascular  areolar 
tissue,  which  binds  them  together  into  a  well-defined  and  coostntleBt 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum*  Tta 
egg  has  sometimes  been  spoken  of  as  a  "  product,"  or  er^i  is  s 
''secretion"  of  the  ovary.  Nothing  can  be  more  inappropria^ 
however,  than  to  compare  the  egg  wnth  a  secretion,  or  to  Peganl  tte 
ovary  as  in  any  respect  resembling  a  glandular  organ*  The  egg  if 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  in  id 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  iSscmk 
It  is  destined  to  be  finally  separated  from  its  attachoieiits  aod 
thrown  off;  but  until  that  time,  it  is,  properly  speaking,  a  psitof 
the  ovarian  texture,  and  is  nourished  like  any  other  portion  of  fclst 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  ooDoemed  in 
the  production  of  the  eggs,  are  to  be  regarded  as  the  esseotii] 
parts  of  the  female  generative  apparatus.  Beside  them,  howefsr, 
there  are  usually  present  certain  other  organs,  which  play  a  seocxi- 
dary  or  accessory  part  in  the  process  of  generation.  The  mosl 
important  of  these  accessory  organs  are  two  symmetrical  tohei,  or 
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Fig.  178. 


\tluet9,  which  are  destined  to  receive  the  eggs  at  their  internal 

remity  and  convey  them  to  the  external  generative  orifice.     The 

aoaus  membrane  lining  the  oviducts  is  also  intended  to  supply 

in  secretions  during  the  passage  of  the  egg^  which  are  requi- 

eitber  to  oomplete  its  structure,  or  to  provide  for  the  nutrition 

the  embryo. 

In  the  frog»  for  example,  the  oviduct  commences  at  the  tipper 
■BTt  of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
Erectly  with  the  peritoneal  cavity*  It 
)n  after  contracts  to  a  narrow  tube, 
pursues  a  zigzag  course  down  the 
le  of  the  abdomen  (Fig.  178),  folded 
>n  itself  in  convolutions,  like  the 
ill  intestine,  until  it  ojkjhs,  near  its 
lIow  of  the  opposite  side,  into  the 
loaca"  or  lower  part  of  the  intestinal 
aal.  The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
l^d  birds ;  though  there  are  some  modi- 
Bations,  in  particular  instances,  which 
B  not  require  any  special  notice, 
I^The  ovaries,  as  well  as  the  eggs  which 
lliey  contain,  undergo  at  particular  sea- 
sons a  periodical  develojiment  or  increase 
ia  growth.  If  we  examine  the  female 
frog  in  the  latter  part  of  summer  or  the 
Eall,  we  shall  find  the  ovaries  presenting 
the  appearance  of  small  clusters  of  minute  and  neany  colorless 

r,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
of  an  inch  in  diameter.  But  in  the  early  spring*  when  the 
ioason  of  reproduction  approaches,  the  ovaries  will  be  found  in- 
creased to  four  or  five  times  their  former  si^e,  and  forming  large 
lobulated  masses,  crowded  with  dark-coloretl  opaque  eggs,  measur- 
lag  ^j  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
season,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
were  previously  in  an  imperfect  and  inactive  condition,  begin  to 
bicrease  in  size  and  become  somewhat  altered  in  structure.  The 
ritelloa  more  eapecially,  which  was  before  colorless  and  transparent, 
>me8  granular  iir  texture  as  well  as  inci^eased  in  volume;  and 
imea  at  the  same  time,  in  many  species  of  animals,  a  black, 
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browa,  yellow,  or  oiunge  color.  In  tbe  human  subject  boiriwt, 
the  change  consists  oaly  in  an  increase  of  suae  and  granaUtion, 
without  any  remarkable  alteration  of  color. 

The  eggs,  as  they  ripen   in  this  way,  becoming  enlarged  lai 
changed  in  texture^  gradually  distend  the  Oraafian  foUicks  mA 
project  from  the  surface  of  the  ovary.     At  last^  whe-i      "    npe,  I 
they  are  discharged  by  a  rupture  of  the  walls  of  the  lb.       ^ 
passing  into  the  oviducts,  are  conveyed  by  them  to  the  extenml 
generative  orifice,  and  there  expelled.    In  this  way,  as  suooeaai^ 
seasons  come  round,  successive  crops  of  eggs  enlarge^  ripen,  i 
the  ovaries,  and  are  discharged.     Those  which  are  to  be  exp 
at  the  next  generative  epoch  may  always  be  recognized  by  thdrl 
greater  degree  of  development ;  and  in  this  way»  in  many  aniinaH  j 
the  eggs  of  no  less  than  three  different  crops  may  be  recongi&sd  ial 
the  ovary  at  once,  viz,,  Ist;  those  which  are  perfectly  nmture  9M  j 
ready  to  be  discharged ;  2d,  those  which  are  to  ripen  in  the  foltor* 
ing  season;  and  Sd^  those  which  are  as  yet  altogether  inactive  Aiul I 
undeveloped*     In  most  fish  and  reptiles,  as  well  as  in  bird^  &ii  1 
regular  process  of  maturation  and  discharge  of  eggs  takea  pla« 
but  once  a  year.     In  different  species  of  .quadrupeds  it  may  take 
place  annually,  semi-annually,  bi-monthly,  or  even  monthly;  but! 
in  every  instance  it  recurs  at  regular  intervals,  and  exhibits  lusoofd*  j 
ingly,  in  a  marked  degree,  the  periodic  character  which  wt  hatt ] 
seen  to  belong  to  most  of  the  other  vital  phenomena. 

Action  of  the  Oviducts  and  Female  Otiteraiive  Pa8sti^.—ln  frop 
and  lizards,  the  ripening  and  discharge  of  the  eggs  take  places  1 
above  mentioned  in  the  early  spring.     At  the  time  of  leaving  ik 

ovary,  the  eggs  consist  simply  < 
darkcolored  and  gratialar 
inclosed  in  the  vitelline  membiUMil 
They  are  then  received  by  tie  imisr 
extremity  of  the  ovidncta,  and  carrkd 
downward  by  the  peristallic  moi«^ 
ment  of  these  canals,  aided  by  tfafij 
more  powerful   contraoiioii    cf  Ite) 
abdominal  muscles.     During  the  pi^  j 
sage  of  the  eggs,  moreover,  the  mtMPii  | 
membrane  of  the  oviduct  secretes  a  colorless,  viscid^  slbuniiaoid ; 
substance,  which  is  deposited  in  successive  hiyers  round  each  eg(  I 
forming  a  thick  and  tenacious  coating  or  envelope,  (Fig.  Ifl)' 
When  the  eggs  are  finally  discharged,  this  albumitioid 
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I      absorbs  the  ir&ter  in  iKrhich  the  £pawa  is  deposited,  and  swells  up 

into  a  transparent  gelatinoiis  mass,  in  wbicb  the  eggs  are  separately 

^—ijnbedded.    This  substance  supplies^  by  its  subsequent  liquefaction 

^|lbd  abeorption,  a  certain  amount  of  nutritious  material,  during  the 

development  and  early  growth  of  the  embryo.  ri'   i  •♦„ 

In  the  terrestrial  reptiles  and  in  birds,  the  oviducts  perform  a 

still  more  important  secretory  function.     In  the  common  fowl^  the 

ary  consists,  as  in  the  frog,  of  a  Urge  number  of  follicles,  loosely 

lected  by  areolar  tissue,  in  which  the  eggs  can  be  seen  in  difterent 

of  development*  (Fig.  180,  a.)    As  the  egg  which  is  approach* 

g  maturity  enlarges,  it  distends  the  cavity  of  its  follicle,  and  pro- 

ts  farther  from  the  general  surface  of  the  ovary ;  so  that  it  bungs 

last  into  the  peritoneal  cavity,  retained  only  by  the  attenuated 

all  of  the  follicle,  and  a  slender  peilicle  through  which  run  the 

lood vessels  by  which  its  circulation  is  supplied.     A  rupture  of  the 

Hide  then  occurs,  at  its  most  prominent  part,  and  the  egg  is  dis- 

ibarged  from  the  lacerated  opening. 

At  the  time  of  its  leaving  the  ovary,  the  egg  of  the  fowl  consists 

a  large,  globular,  orange-colored  vitellus,  or  '*yolk,'*  inclosed  in 

thin  and  transparent  vitelline  membrane.     Immediately  under- 

ih  the  vitelline  membrane,  at  one  point  upon  the  surface  of  the 

tellus,  is  a  round  white  spot,  consisting  of  a  layer  of  minute 

anules,  termed  the  ^' cicatricula."     It  is  in  the  central  part  of  the 

tcatricula  that  the  germinative  vesicle  is  found  imbedded,  at  an 

ly  stage  of  the  development  of  the  egg.    At  the  time  of  its 

scharge  from  the  ovary,  the  germinative  vesicle  has  usually  dis- 

ipeared;  but  the  cicatricula  is  still  a  very  striking  and  important 

of  the  vitellus,  as  it  is  from  this  spot  that  the  body  of  the  chick 

rgins  afterward  to  be  developed. 

At  the  same  time  that  the  egg  protrudes  from  the  surface  of  the 
.ry,  it  projects  into  the  inner  orifice  of  the  oviduct ;  so  that,  when 
lischarged  from  its  follicle,  it  is  immediately  embraced  by  the  upper 
fringed  extremity  of  this  tube,  and  commences  its  passage  down- 
ward.    In  the  fowl,  the  muscular  coat  of  the  oviduct  is  highly  deve- 
ped,  and  its  peristaltic  contractions  gently  urge  the  egg  from  above 
ownward,  precisely  as  the  oesophagus  or  the  intestines  transport 
the  food  in  a  similar  direction.     While  passing  through  the  first 
two  or  three  inches  of  the  oviduct  (c,  cf)»  where  the  mucous  mem- 
brane is  smooth  and  transparent,  the  yolk  merely  absorbs  a  certain 
quantity  of  fluid,  so  as  to  become  more  flexible  and  yielding  in  con- 
sistency.   It  then  passes  into  a  second  division  of  the  generative 
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canal,  in  which  the  mucous  membrane  id  thick  aod  glandular  ia 
texture^  and  is  also  thrown  into  numerous  longitudinal  "  " '      '  "1; 
project  into  the  cavity  of  the  oviduct.     This  portion  o:  .__    ..iua  j 
(rf,  e),  extends  over  about  nine  inches  of  its  entire  length.    Ill  iti  H 
upper  part,  the  mucous  membrane  secretes  a  viscid  itialerial,  bj    " 
which  the  yolk  is  encased,  and  w  hich  soon  consolidates  into  a  g^ 
tioous,  membranous  deposit ;  thus  forming  a  second  faomogtso^oui 
layer,  outside  the  vitelline  membrane. 

Now  the  peristaltic  movements  of  this  part  of  the 
such  as  to  give  a  rotary,  as  well  as  a  progressive  ^i^J  m 
egg ;  and  the  two  extremities  of  the  membranous  layer  describel 
above  become,  accordingly,  twisted  in  opposite  directions  into  two 
fine  cords,  which  run  backward  and  forward  from  tho  opposite  poka 
of  the  egg.  These  cords  are  termed  the  "  ehalazse,"  and  the  man* 
brane  with  which  they  are  connected,  the  "  chalaziferous  membrane.^ 

Throughout  the  remainder  of  the  second  division  of  the  oxndocV 
the  mucous  mpmbranc  exudes  an  abundant,  gelatinous,  albumiaoid  _. 
substance,  which  is  deposited  in  successive  layers  round  ibe  J^K^ 
inclosing  at  the  same  time  the  chalaziferous  membrane  and  the" 
chalazm.     This  substance,  which  forms  the  so-called  albitnieQ^or 
"  white  of  egg/*  is  semisolid  in  consistency,  nearly  iransparEmt,  and 
of  a  faint  amber  color.     It  is  deposited  in  greater  abondanoe  in  front 
of  the   advancing  egg  than  behind  it,  and  forms  aooordinglj  i 
pointed  or  conical  projection  in  front,  while  behind,  its  ootline  il     I 
rounded  off,  parallel  with  the  spherical  surface  of  the  yolk.     In  the 
way,  the  egg  acquires,  when  covered  with  its  albumen,  an  otoA 
form,  of  which  one  end  is  round,  the  other  pointed ;  the  poiotol 
extremity  being  always  directed  downward,  as  the  ^g  dmomii 
along  the  oviduct. 

Id  the  third  division  of  the  oviduct  (/),  which  is  about  three  and 
a  half  inches  in  length,  the  mucous  membrane  is  arranged  in 
tudinal  folds,  which  are  narrower  and  more  closely  packed  ihui 
the  preceding  portion*  The  material  secreted  in  thia  part,  and  de- 
posited upon  the  egg,  condenses  into  a  firm  fibrous  covering,  com- 
posed of  three  different  layers  which  closely  embrace  the  sttrihot 
of  the  albuminous  mass,  forming  a  tough,  ficxible,  semi-op^M 
envelope  for  the  whole*  These  layers  are  known  as  the  exteiBAL 
middle,  and  internal  fibrous  membranes  of  the  egg. 

Finally  the  egg  passes  into  the  fourth  division  of  • ' 
which  is  wider  than  the  rest  of  the  canal,  but  only  ; 
inches  in  length.     Here  the  mucous  membrane,  which  is  animged 
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Fig.  180. 
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ill  abundantp  projecting^  leaf-like  villosities,  exudes  a  fluid  very  rioh 
in  calcareous  salts.    The  most  external  of  the  three  membranes 
Jusl  described  is  permeated  by  this  fluids  and  very  soon  the  calcare- 
QUA  matter  begins  to  crystallize  in 
I  the  interstices  of  its  fibres.    This 
IB^>osit  of   calcareous   matter  goes 
ffl^  growing  constantly  thicker  and 
more    condensed,   until    the    entire 
eroal  membrane  is  converted  into 
k'hite,  opaque,  brittle,  calcareous 
,  shell,  which  incloses  the  remaining 
tions  and  protects  them  from  ex- 
aal  injury.  The  egg  is  then  driven 
Fard  by  the  contraction  of  the 
Dular  coat  through  a  narrow  por- 
of  the  oviduct  (A),  and,  gradually 
iting  the  passages  by  its  conical 
cmity,  is  finally  discharged  from 
external  orifice. 

le  egg  of  the  fowl,  after  it  has 
,  discharged  from  the  body,  con- 
accordingly,  of  various  parts ; 
ae  of  which,  as  the  yolk  and  the 
glline  membrane,  entered  into  its 
rinal  formation,  while  the  remain- 
'  have  been  deposited  round  it  dur- 
itfl  passage  through  the  oviduct. 
I  examining  such  an  egg  (Fig.  181), 
^we   find    externally   the  calcareous 
I  shell  {h\  while  immediately  beneath 
limre  situated  the  middle  and  internal 
rous  shell-membranes  (c,  /), 

»n  after  the  expulsion  of  the  egg 

^re  is  a  partial  evaporation  of  its 

&ry  ingredients,which  are  replaced 

'  air  penetrating  through  the  pores 

litit.1  OiUNRATiri  OmaATin  or  Fowi..— «.  Oviry.  b.  Gra&flaii  rolUcle,  f^om  wlilcli  tbt 
h*i>)tt!i(  iMwa  4l»eti»r^M,  t,  T«lk«  «ui«rlQ^  upper  extremilj  of  oviducL  d,  e.  Becdnd  dlTULoii 
lidii«'t,  lO)  which  ch&I&xif«roai  nietnhriiae,  ehftl&ue.  And  &lbiiiaeii  ar«  farmed.  /.  Third  portloa. 
VliVf b  the  Sbroiu  ah*!!  m«mbniQ4*«  am  produe^d.  ff^  Fourth  portion  Utd  op«n,  tbowing  ngK 
tlmlf  formed,  wltb  e»Iear«ou«  abelL    h.  Narrow  eaaal  tbrQDgli  whl«b  l&«  vf  g  la  dla^bargod 


rf 


"-^ 


Md  BOO    AND    FKMALK   OB0AKS   OF  'oENEBATlOK. 

of  the  shell  at  its  rounded  extremity.    The  air  thus  itolrodc 
accumulates  between  the  middle  and  internal  fibrous  membr.r 
at  this  epot^  separating  them  from  each  other,  and  forming  a  cavity 
or  air-chamber  {g)t  which  is  always  found  between  the  tw    "'  - 
membranes  at  the  rounded  end  of  the  egg.    Next  we  cor 
albumen  or  **  white"  of  the  egg  (d)  j  next  to  the  chalaziferous  imjn- 
brane  and  chalasae  (c) ;  and  finally  to  the  yitelline  membnoe  (I) 


VlRgram  of  Fowl"*  E*ia  — <i.  Yolk.    *,  THdUoc  aiembrmb«,    *  ChmUii^^-fuTt  tf>«elr«i!«L   t 
'Albaroeo.    e, /.  MlddU  Aad  iDteroikl  ilieLl  inciivbraxivt.    g.  Air-<!bi^mb<>r,     l    r^:i..i*^  •).  ... 

f 

inclosing  the  yolk  (a).    After  the  expukion  of  the  egg 
layers  of  the  albumen  liquefy;  and  the  vitellus,  beiu- 
[  lighter  than  the  albumen,  owing  to  the  large  proportion  of  oldgio- 
[loufl  matter  which  it  contains,  rises  toward  the  surface  of  lhei{$ 
[rwith  the  cicatricula  uppermost      This  part,  therefore^  tir«»w^!*- 
I  dtself  almost  immediately  on  breaking  open  the  egg  upon 
surface,  and  is  placed  in  the  most  favorable  position  for  the  j 
of  warmth  and  atmospheric  air  in  the  development  of  th<?  -^^"^ 

The  vitellus,  therefore,  is  still  the  essential  and  constitui^^: 
of  the  egg ;  while  all  the  other  parts  consist  either  of  nutritious  i 
^rial,  like  the  albumen,  provided  for  the  support  of  the  embryo^  c[^l 
.of  protective  envelopes,  like  the  shell  and  the  fibrous  menibni2>e& 

In  the  quadrupeds,  another  and  still  more  important  modificitK^l 

^ct  the  oviducts  takes  place.    In  these  animals,  the  egg.  whici  if  | 

(^originally  very  minute  in  size,  is  destined  to  be  retained  wilhb  tka  ] 

f^enerative  passages  of  the  female  during  the  development  of  t^  j 

embryo.     While  the  upper  part  of  the  oviduct,  thereforCj  is  <{^  \ 

narrow,  and  intended  merely  to  transmit  the  egg  from  the  cftrt, 
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aad  to  supply  it  with  a  little  albuminous  secretion,  its  lower  X)or- 
lions  are  very  much  increased  in  size,  and  are  lined,  moreover,  witli 
a  niucous  membrane,  so  constructed  aa  to  provide  for  the  protection 
and  nourishment  of  the  embryo,  during  the  entire  period  of  gesta- 
lioD*  The  upper  and  narrower  portions  of  the  oviduct  are  known 
as  the  "Fallopian  tubes^*  (Fig,  182);  while  the  lower  and  more 

Fig,  182, 


highly  developed  portions  constitute  the  uterus.  These  lower  por- 
tions unite  with  each  other  upon  the  median  lino  near  their  infe- 
yr  termination,  so  as  to  form  a  central  organ,  termed  the  "  body" 
the  uterus;  while  the  remaining  ununited  parts  are  known  as 
'  oomua^*  or  **  horns  " 
In  the  human  subject,  the  female  generative  apparatus  presents 
:  following  peculiarities.  The  ovaries  consist  of  Graafian  follicles, 
lich  are  imbedded  in  a  somewhat  dense  areolar  tissue,  supplied 
ith  an  abundance  of  bloodvessels.  The  entire  mass  is  covered 
jlh  a  thick,  opaque,  yellowish  white  layer  of  fibrous  tissue  called 
**  albugineous  tunic.'*  Over  the  whole  is  a  layer  of  peritoneum, 
which  is  reflected  upon  the  vessels  which  supply  the  ovary,  and  is 
continuous  with  the  broad  ligaments  of  the  uterus. 

The  oviducts  commence  by  a  wide  expansion,  provided  with 
fringed  edges,  called  the  "  fimbriated  extremity  of  the  Fallopian 
Qfbe."  The  Fallopian  tubes  themselves  are  very  narrow  and  con- 
i)lutod,  and  terminate  on  each  side  in  the  upper  part  of  the  body 
the  uterus.  In  the  human  subject,  the  body  of  the  uterus  is  ao 
luch  developed  at  the  expense  of  the  cornua,  that  the  latter  hardly 
ppear  to  have  an  existence ;  and  in  fact  no  trace  of  them  is  visible 
ijxtemally.    But  on  opening  the  body  of  the  uterus  its  cavity  is 
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seen  to  be  nearly  triangular  in  shape,  ita  two  auperior  angles  ran 
ning  oat  on  each  side  to  join  the  lower  extremities  of  the  Fftlk 
tubes.  This  portion  evidently  consists  of  the  comna,  which  kari 
been  consolidated  with  the  body  of  the  uteros,  and  enveloped  in 
its  thickened  layer  of  muscular  fibres. 

Pig.  iss. 


OijrKSATlTi    Oii(»A]rt   or   ftrnAlt   FtSAti.— a,  a.    OruiM.     ft,  h  Fyiopua  n^ 
e.  fiodj  of  uternt.    <£.  Cervix,    c.  Vft^liw* 

The  cavity  of  the  body  of  the  uterus  terminates  below  by  IQ 
stTicted  portion  termed  the  os  internum,  by  which  it  is 
from  the  cavity  of  the  cervix.     These  two  cavities  are  sol  i 
different  from  each  other  in  shape,  but  differ  also  in  the  str 
of  their  mucous  membrane  and  the  functions  which  it  is  dcstiarf 
to  perform. 

The  mucous  membrane  of  the  body  of  the  uterus  m  115  nr-^ 
condition  is  smooth  and  rosy  in  color,  and  closely  adherent  to  lie] 
subjacent  muscular  tissue.  It  consists  of  minute  tubular  faQicltf  I 
somewhat  similar  to  those  of  the  gastric  mucous  membrane,  raugpij 
side  by  side,  and  opening  by  distinct  orifices  upon  its  free  su 
The  secretion  of  these  follicles  is  destined  for  the  nutrition  of  i»l 
embryo  during  the  earlier  periods  of  its  formation. 

The  internal  surface  of  the  neck  of  the  uterus*  on  the  other  1 
is  raised  in  prominent  ridges  which  are  arranged  usually  in 
lateral  sets^  diverging  from  a  central  longitudinal  ridge ;  pre^ea 
the  appearance  known  as  the  "  arbor  vit«e  uterina,"    The  follit 
of  this  part  of  the  uterine  mucous  membrane  are  difierenl  to  1 
ture  from  those  of  the  foregoing.    They  are  of  a  globular  or  f 
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the  foetus  and  the  vitellioe  sac,  and  taking  the  place  of  the  albumen 
which  has  been  liquefied  and  absorbed. 

It  will  also  be  seen,  by  reference  to  the  figure,  that  the  umbilical 
vesicle  is  at  the  same  time  formed  by  the  separation  of  part  of  tfao 
Tifesllus  from  the  abdomen  of  the  chick;  and  the  vessels  of  the  area 
Tafleuli3sa,  which  were  at  first  distributed  over  the  vitellus,  now 
ramify,  of  course^  upon  the  surface  of  the  umbilical  vesicle. 

At  last  the  allantoia*  by  its  continue<l  growth,  envelopes  nearly 
^_lhe  whole  of  the  remaining  contents  of  the  egg ;  so  that  toward  the 
^■ater  periods  of  incubation,  at  whatever  point  we  break  open  the 
^■ifc  we  find  the  internal  surface  of  the  ghell-membrane  lined  with 
^^f  Tasoular  membranous  expansion,  supplied  by  arteries  whiolj 
I      emerge  from  the  abdomen  of  the  foetus. 

It  is  easy  to  see,  accordingly,  with  what  readiness  the  absorption 
and  exhalation  of  gases  may  take  place  by  means  of  the  allantois. 
The  air  penetrates  from  the  exterior  through  the  minute  pores  of 
the  calcareous  shell,  and  then  acts  upon  the  blood  in  the  vessels  of 
the  allantois  very  much  in  the  same  manner  that  the  air  in  the  minute 
^^ronchial  tubes  and  air- vesicles  of  the  lungs  acta  upon  the  blood  in 
^^bie  pulmonary  capillaries.  Examination  of  the  egg»  furthermore, 
^Bt  various  periods  of  incubation,  shows  that  changes  take  place  in 
^^t  which  are  entirely  analogous  to  those  of  respiration. 
I  The  egg,  in  the  first  place,  daring  its  development,  loses  water  by 
exhalation.  This  exhalation  is  not  a  simple  effect  of  evaporation, 
but  is  the  result  of  the  nutritive  changes  going  on  in  the  interior 
of  the  egg;  since  it  does  not  take  place,  except  in  a  comj^aratively 
slight  degree,  in  uninipregnated  eggs,  or  in  those  which  are  not 
incubated,  though  they  may  be  freely  exposed  to  the  air.  The 
^^xhalation  of  fluid  is  also  essential  to  the  processes  of  development, 
^n>r  it  has  often  been  found,  in  hatching  eggs  by  artificial  warmth, 
'  that  if  the  air  of  the  chamber  in  which  they  are  inclosed  become 
I  unduly  charged  with  moisture,  so  as  to  retard  or  prevent  further 
exhalation,  the  eggs  readily  become  spoiled,  and  the  development 
the  embryo  is  arrested.  The  loss  of  weight  during  natural  ineu- 
tion,  principally  due  to  the  exhalation  of  water^  has  been  found 
Baudrimont  and  St.  Ange*  to  be  over  15  per  cent,  of  the  entire 

[ht  of  the  egg. 
Secondly,  the  egg  absorbs  oxygen  and  exhales  carbonic  acid. 
he  two  observers  mentioned  above,  ascertained  that  during  eigh- 
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CHAPTER   IV. 

ON  THE  SPERMATIC  FLUID,  AND  THE  MAL£ 
ORGANS  OF  GENERATION. 


The  mature  egg  is  not  by  itself  capable  of  being  dereloped  into 
the  embryo*  K  simply  discharged  from  the  ovary  and  carried 
through  the  oviducts  toward  the  exterior,  it  aoon  dies  &iid  is  d^ 
composed^  like  any  other  portion  of  the  body  separated  from  Hi 
natural  connections.  It  is  only  when  fecundated  by  the  spenoaik 
fiuid  of  the  male,  that  it  is  stimulated  to  continued  devekvpiDeii^ 
and  becomes  capable  of  a  more  complete  organisation. 

The  product  of  the  male  generative  organs  consists  of  a  colorless^ 
somewhat  viscid^  and  albuminous  fluids  containing  an  innumenble 
quantity  of  minute  filamentous  bodies^  termed  9p€rmai(mxk  The 
name  spermatozoa  has  been  given  to  these  bodies^  on  account  of 
their  exhibiting  under  the  microscope  a  very  active  and  oootinii^ 
ous  movement,  bearing  some  resemblanoe  U>  that  of  certain  i 
cules. 

The  spermatozoa  of  the  human  subject  (Fig.  184,  a)  are 
ei^  of  an  inch  in  length,  according  to  the  measurememts  <rf  Ka 
liker«  Their  anterior  extremity  presents  a  somewhat  fiaiteoed,^ 
triangular-shaped  enlargement,  termed  the  **  head**  The  head  coo- 
stitutes  about  one-tenth  part  the  entlro  length  of  the  spennato* 
zoon.  The  remaining  portion  is  a  very  slender  filameotous  pro 
longation,  termed  the  "tail,"  which  tapers  gradually  back"  ' 
becoming  so  exceedingly  delicate  towards  its  extremity,  that  r 
difficult  to  be  seen  except  when  in  motion.  There  is  no  fu 
organization  or  internal  structure  to  be  detected  in  any  part  of  tie" 
spermatozoon ;  and  the  -whole  appears  to  consist,  so  fiur  as  cao  be 
seen  by  the  microscope,  of  a  completely  homogeneous^  tolenblj 
firm,  albuminoid  substance.  The  terms  head  and  tail,  iherefoft 
as  justly  remarked  by  Bergmann  and  Leuckart,*  are  not  useA 
when  describing  the  diflerent  parts  of  the  spermatozoon,  in  tli« 
same  sense  as  that  in  which  they  would  be  applied  to  the  oon^ 

I  V«rgldahenda  PhyiiologU.     Sttittgift,  lSa2. 
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ing  parts  of  an  animal,  but  simply  for  the  sake  of  conveni- 
just  as  one  might  speak  of  the  head  of  an  anow^  or  the  tail 
K>met. 

the  lower  animals,  the  spermatozoa  have  usually  the  same 
^  form  as  in  the  human  subject;  that  is,  they  are  slender 
»itous  bodies,  with  the  anterior  extremity  more  or  less  en- 
It  In  the  rabbit  they  have  a  head  which  is  roundish  and 
led  in  shape,  somewhat  resembling  the  globules  of  the  blood. 
^  rat  (Fig*  184,  h)  they  are  much  larger  than  in  man,  measur- 
^^^J  rii  of  an  inch  in  length.     The  head  is  conical  in  shape, 


Pig.  184 


.one^wentieth  the  whole  length  of  the  filament,  and  often 

y  curved  at  its  anterior  extremity.    In  the  frog  and  in  rep- 

;enerally,  the  spermatozoa  are  longer  than  in  quadrupeds. 

Menobranchua,  or  great  American  water-lizard,  they  are  of 

unusual  size  (Fig.  184,  c),  measuring  not  less  than  ^'^  of  an 

i  length,  about  one-third  of  which  is  occupied  by  the  head, 

Lrged  portion  of  the  filament. 

most  remarkable  peculiarity  of  the  spermatozoa  is  their 
85 
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very  singular   and  active  movement  to  which  we  have  already 
alluded.    If  a  drop  of  fresh  seminal  fluid   be  placed  mnfler  tlie 
microscope,   the  numberless   minute   filaments  with  which  it  U] 
crowded  are  seen  to  be  in  a  state  of  incessant  and  agitated  rootioiL  i 
This  movement  of  the  spermatozoa,  in  many  species  of  aDimalisl 
strongly  resembles  that  of  the  tadpole ;  particularly  when»  as  in  thtf 
human  subject,  the  rabbit,  &c.t  the  spermatozoa  consist  of  a  fA\t*n 
and  well  defined  head,  followed  by  a  long  and  slender  tail*    Hero  J 
the  tail-like  filament  keeps  up  a  constant  lateral  or  vibratory  move- J 
meiifc,  by  which  the  spermatozoon  Ls  driven  from  place  to  place  in  I 
the  spermatic  fluids  just  as  the  fish  or  the  tadpole  is  propelled j 
through  the  water.    In  other  instances,  as  for  example  in  the  waleH 
lizard,  and  in  some  parasitic  animals,  the  spermatozoa  have  a  < 
tinuous  writhing  or  spiral-like  movement,  which  presents  a' 
peculiar  and  elegant  appearance  when  large  numbers  of  them  j 
viewed  together- 
It  is  the  existence  of  this  movement  which  first  suggested 
name  of  spermatozoa  to  designate  the  animated  filaments  of  l 
spermatic  fluid;  and  which  has  led  some  writers  to  attribute 
them  an  independent  animal  nature.    This  is^  however^  a  vc 
erroneous  mode  of  regarding  them ;  since  they  cannot  properly  1 
considered  as  animals,  notwithstanding  the  active  character  of  tbeie 
movement,  and  the  striking  resemblance  which  it  sometimes  pn 
sents  to  a  voluntary  act.     The  spermatozoa  are   organic  fortB^I 
which  are  produced  in  the  testicles,  and  constitute  a  part  of  tfa 
tissue;  just  as  the  eggs,  which  are  produced  in  the  ovari* 
rally  form  a  part  of  the  texture  of  these  organs.     Like  : 
also,  the  spermatozoon  is  destined  to  be  discharged  from  tbe  orgM 
where  it  grew,  and  to  retain,  for  a  certain  length  of  time  afterwufdp 
its  vital  properties.     One  of  the  most  peculiar  of  these  propertiei 
is  its  power  of  keeping  in  constant  motion;  which  does  xnol,  fcov*, 
ever,  mark  it  as  a  distinct  animal,  but  only  distinguishes  it  9S  tJ 
peculiar  structure  belonging  to  the  parent  organism.     The  motioa  I 
of  a  spermatozoon  is  precisely  analogous  to  that  of  a  eiliated  €pi* 
thelium  cell.    The  movement  of  the  latter  will  continue  for  i 
hours  after  it  has  been  separated  from  its  mucous  membmiifl^  pfO-J 
vided  its  texture  be  not  injure*!,  nor  the  process  of  decompo6ttiuai 
allowed  to  commence.    In  the  same  manner,  the  movemeot  of  Ac] 
spermatozoa  is  a  characteristic  property  belonging  to  ihem, ' 
continues  for  a  certain  time,  even  after  they  have  been  SL^Dar 
from  the  rest  of  the  body. 
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In  order  to  preserve  their  vitality,  the  spermatozoa  ninst  he 
kept  at  the  ordinary  temperature  of  the  body,  and  preserved 
from  the  contact  of  the  air  or  other  unnatural  fluids.  In  this  way, 
they  may  be  kept  Mathout  difficulty  many  hours  for  purposes  of 
examination.  But  if  the  fluid  in  which  they  are  kept  be  allowed 
to  dry,  or  if  it  be  diluted  by  the  addition  of  water,  iu  the  case  of 
birds  and  quadrupeds,  or  if  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 
to  disintegrate. 

The  spermatozoa  are  produced  in  certain  glandular-looking 
organs,  the  testicles,  which  are  characteristic  of  the  male,  as  the  ova- 
ries are  characteristic  of  the  female.  In  man  and  all  the  higher 
animals,  the  testicles  are  solid,  ovold-shaped  bodies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
^'seminiferous tubes," somewhat  similar  in  their  general  anatomical 
characters  to  the  tubuli  uriniferi  of  the  kidneys.  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  capillary  bloodvessels  and  a  little 

tlar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
external  surface  of  the  testicle,  and  pursue  an  intricately  con- 
voluted course  toward  its  central  and  posterior  part  They  are  not 
strongly  adherent  to  each  other,  but  may  be  readily  unravelled  by 
manipulation,  and  separated  frtim  each  other 

The  formation  of  the  spermatozoa,  as  it  takes  place  in  the 
substance  of  the  testicle,  has  been  fully  investigated  by  Kolliker. 
Recording  to  his  observations,  as  the  age  of  puberty  approaches, 
^Beside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tobes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twent}'  nuclei, 
with  nucleoli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  formed ;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  at  first  developed  in  bundles 
of  ten  to  twenty  held  together  by  the  thin  membranous  substance 
which  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
tion of  the  vesicle,  and  then  fill  nearly  the  entire  cavity  of  the 
seminiferous  ducts,  mingled  only  with  a  very  minute  quantity  of 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
,ys  inclosed  in  the  interior  of  their  parent  vesicles;  they  are  libe- 
i.  and  mingled  promiscuously  together,  only  after  entering  the 
rete  testis  and  the  head  of  the  epididymis. 
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Beside  the  testicles,  wbich  are,  as  above  stated,  tlie  primary 
essential  parts  of  the  male  geaerative  apparatus,  there  are  certain] 
^lecondary  or  accessory  organs,  by  means  of  which  the  ^^ 
fluid  is  conveyed  to  the  exterior,  and  mingled  with  varioL 
tions  which  assist  in  the  accomplishment  of  its  functiooB* 

As  the  sperm  leaves  the  testicle,  it  consists,  as  above  mentis 
almost  entirely  of  the  spermatozoa,  crowded  together  in  an  opaqoe^^ 
white,  semi-fluid  mass,  which  fills  up  the  vasa  eflerentia,  and  com-    „ 
pletely  distends  their  cavities.     It  then   enters   the  single  ducM 
which  forms  the  body  and  lower  extremity  of  the  epididymis^™ 
following  the   long  and    tortuous   course   of  this   tube,  until  it 
reaches  the  vas   deferens;    through  which   it   is   still   convcyel 
onward   to   the   point  where   this   canal   opens   into  the  urcthm 
Throughout  this  course,  it  is  mingled  with  a  glairy,  macos-Uke 
fluid,  secreted  by  the  walls  of  the  epididymis  and  ras  defereoa;  ii 
which  the  spermatozoa  are  enveloped.     The  mixture  is  then  del 
sited  in  the  vesiculas  aeminales.  where  it  accumulates^  as  fr^^h 
titles  are  produced  in  the  testicle  and  conveyed  downward 
spermatic  duct.    It  is  probable  that  a  second  secretioa  is  suppS 
also  by  the  internal  surface  of  the  vesiculso  seminalei^  and  that 
sperm,  while  retained  in  their  cavities,  is  not  only  stored  up  fir^ 
subsequent  use,  but  is  at  the  same  time  modified  in  its  propertifls 
by  the  admixture  of  another  fluid. 

At  the  time  when  the  evacuation  of  the  sperm  takes  pluoe.  It  b 
driven  out  from  the  seminal  vesicles  by  the  muscular  oantractm 
of  the  surrounding  parts,  and  meets  in  the  urethra  with  the  seci^ 
tions  of  the  prostate  gland,  the  glands  of  Cowper,  and  the  mi]oo« 
follicles  opening  into  the  urethral  passage.  All  these  oi^gaas  tre  8£ 
'that  time  excited  to  an  unusual  activity  of  secretion^  and  pour  out 
their  different  fluids  in  great  abundance. 

The  sperra,  therefore,  as  it  is  discharged  from  the  urethra^  is  tn 
exceedingly  mixed  fluid,  consisting  of  the  spermatozoa  derirrf 
from  the  testicles,  together  with  the  secretions  of  the  epidtdjim 
and  vas  deferens,  the  prostate,  Cowper's  glands,  and  the  mticoiisibl* 
licles  of  the  urethra.  Of  all  these  ingredients,  it  is  the  spermalocoai 
which  constitute  the  essential  part  of  the  seminal  fluid.  Tbey  iw 
the  true  fecundating  element  of  the  sperm,  while  all  the  otlxefs  iw 
secondary  in  importance,  and  perform  only  accessory  functioos. 

Spallanzani  found  that  if  frog's  semen  be  passed  through  i  fo^ 
cession  of  filters,  so  as  to  separate  the  spermatozoa  from  th«  \iqwA 
portions,  the  filtered  fluid  is  destitute  of  any  fecundating  propertiei; 
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wKile  the  spermatozoa  remainiag  entangled  in  tlie  filter,  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 
tion, may  still  l>e  successfully  used  for  the  impregnation  of  eggs. 
It  is  well  known,  also^  that  animals  or  men  from  whom  both  testi- 
cles have  been  removed,  are  incapable  of  impregnating  the  female 
or  her  eggs ;  while  a  removal  or  imperfection  of  any  of  the  other 
generative  organs  does  not  necessarily  prevent  the  accomplishment 
of  the  function. 

In  most  of  tlie  lower  orders  of  animals  there  is  a  periodical 
development  of  the  testicles  in  the  male,  corresponding  in  time  with 
that  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
eggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
size,  as  the  season  of  reproduction  approaches,  and  become  turgid 
with  spermatozoa.  The  accessory  organs  pf  generation,  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  become 
increased  in  vascularity  and  read 3^  to  perform  their  parfc  in  the 
reproductive  function. 

In  the  fish,  for  example,  where  the  testicles  occupy  the  same 
position  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  these 
bodies  enlarge,  become  distended  with  their  contents,  and  project 
into  the  peritoneal  cavity*  Each  of  the  two  sexes  is  then  at  the 
fi&me  time  under  the  influence  of  a  corresponding  excitement  The 
unusual  development  of  the  generative  organs  reacts  upon  the  entire 
system,  and  produces  a  state  of  peculiar  activity  and  excitability^ 
knouTi  as  the  condition  of  "  erethism.' '  The  female,  distended  with 
eggs,  feels  the  impulse  which  leads  to  their  expulsion ;  while  the 
male,  bearing  the  weight  of  the  enlarged  testicles  and  the  accumu- 
lation of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
sensation  to  the  discharge  of  the  spermatic  fluid.  The  two  sexes, 
accordingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
situations.  The  female  deposits  her  eggs  in  some  spot  favorable 
to  the  protection  and  development  of  the  young;  after  which  the 
male,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 
laid  eggs,  discharges  the  spermatic  fluid  upon  them,  and  their 
impregnation  is  accomplished. 

In  such  instances  as  the  above,  where  the  male  and  female  gene- 
rative products  are  discharged  separately  by  the  two  sexes,  the 
subsequent  contact  of  the  eggs  with  the  spermatic  fluid  would  seem 
to  be  altogether  dependent  ou  the  occurrence  of  fortuitous  circum- 
stances, and  their  impregnation,  therefore,  often  liable  to  fail.  In 
point  of  fact»  however,  the  simultaneous  functional  excitement  of 
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the  two  sexes  and  the  operation  of  corresponding  instincts,  leading 
the'm  to  ascend  the  same  rivers  and  to  frtsquent  the  same  spM, 
provide  with  sufficient  certainly  for  the  impregnation  of  the  «gg», 
In  these  animals,  also,  the  number  of  eggs  produced  by  the  fetoik 
is  very  large,  the  ovaries  being  often  so  dis^tended  as  to  fill  nearijr 
the  whole  of  the  abdominal  cavity ;  so  that^  although  many  of  ilie 
eggs  may  be  accidentally  lost,  a  sufficient  number  will  still  be  ioK 
pregnated  and  develojxjd,  to  provide  for  the  continuation  ofllie 
species. 

In  other  instances,  an  actual  contact  takes  place  between  lie 
sexes  at  the  time  of  reproduction.  In  the  frog,  for  example,  lli« 
male  fastens  himself  upon  the  back  of  the  female  by  the  anterior  J 
extremities,  which  seem  to  retain  their  hold  by  a  kind  of  sfxasmodic  V 
contraction.  This  continues  for  one  or  two  daya,  during  wliiclj 
time  the  mature  eggs,  which  have  been  discharged  from  the  ovaiy, 
are  passing  downward  through  the  oviducts.  At  last  tbey  are  ex- 
pelled  from  the  anus,  while  at  the  same  time  the  seminal  fluid  of 
the  male  is  discharged  upon  them,  and  impregnation  takes  place. 

In  the  higher  classes  of  animals,  hoAvever,  and  in  man^  where  tbel 
egg  is  to  be  retained  in  the  body  of  the  female  parent  during  in 
development,  the  spermatic  fluid  is  introduced  into  the  femalej 
generative  passages  by  sexual  congress,  and  meets  the  egg  at 
soon  after  its  discharge  from  the  ovary.  The  same  corresp^mdeao?, 
however,  between  the  periods  of  sexual  excitement  in  the  nude  tsui 
female,  is  visible  in  many  of  these  animals,  as  well  as  in  fish  and 
reptiles.  This  is  the  case  in  most  species  which  produce  young  but 
once  a  year,  and  at  a  fixed  period,  as  the  deer  and  the  wild  hog.  In 
other  species,  on  the  contrary,  such  as  the  dog  as  well  as  the  rabbit, 
the  guinea  pig,  &c,,  where  several  broods  of  young  s^re  produced 
during  the  year,  or  where,  as  in  the  human  subject,  the  gen^nlifi 
epochs  of  the  female  recur  at  short  intervals,  so  that  the  p«riic«Isr 
period  of  impregnation  is  comparatively  indefinite,  the  geoentiTi 
apparatus  of  the  male  is  almost  constantly  in  a  state  of  full  d^w- 
lopmeot ;  and  is  excited  to  action  at  particular  periods;,  aip|)An0tl^ 
by  some  influence  derived  from  the  condition  of  the  female^ 

In  the  quadrupeds,  accordingly,  and  in  the  human  spedovllitj 
contact  of  the  sperm  with  the  egg  and  the  fecundation  of  Ibe  k*t«r| 
take  place  in  the  generative  passages  of  the  female;  either  in 
uterus,  the  Fallopian  tulxis,  or  even  upon  the  surface  af  the  anfy; 
ta  each  of  which  situations  the  sixjrmatozoa  have  bocn  found, 
the  accomplishment  of  sexual  intercourse. 
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CHAPTEE  V. 

►  N   PERIODICAL   OYULATION.  AND    THE   FUNCTION 
OF   MENSTRUATIO 


L  PERIODICAL  OVULATION. 

We  have  already  spoken  in  general  terms  of  the  periodical  ripen- 
ag  of  the  eggs  and  their  discharge  from  the  generative  organs  of 
le  female*  This  function  is  known  by  the  name  of  **  ovulation/' 
and  may  be  considered  as  the  primary  and  moat  important  act  in 
le  process  of  reproduction.  We  shall,  therefore,  enter  more  fully 
ito  the  consideration  of  certain  particulars  in  regard  to  it,  by 
which  its  nature  and  conditions  may  be  more  cleiirly  understood. 

1st.  £ggs  exist  origifuiUy  in  the  ovaries  of  all  animalSf  as  part  of 
heir  natural  structure.  In  describing  the  ovaries  of  fish  and  reptiles 
fe  have  said  that  they  coosist  of  nothing  more  than  Graafian  vesi- 
cles, each  vesicle  containing  an  egg,  and  united  with  the  others  by 
loose  areolar  tissue  and  a  peritoneal  investment.  In  the  higher 
animals  and  in  the  human  subject,  the  essential  constitution  of  the 
ovary  is  the  same;  only  its  fibrous  tissue  is  more  abundantj  so  that 
the  texture  of  the  entire  organ  is  more  dense,  and  its  figure  more 
compact.  In  all  classes,  however,  without  exception,  the  interior 
of  each  Graafian  vesicle  is  occupied  by  an  egg;  and  it  is  from  this 
egg  that  the  young  oflspring  is  afterward  produced. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
different  in  the  oviparous  and  the  viviparous  animals.  In  the  ovipa- 
rous classes,  such  as  most  fish,  and  all  reptiles  and  birds,  the  young 
limal  was  w^ell  known  to  be  formed  from  an  egg  produced  by  the 
lale;  while  in  the  viviparous  animals,  or  those  w^hich  bring 
forth  their  young  alive,  such  as  the  quadrupeds  and  the  human 
species,  the  embryo  was  supposed  to  originate  in  the  body  of  the 
female,  by  some  altogether  peculiar  and  mysterious  proce 
consequence  of  sexual  intercourse.  As  soon,  however, 
licroscope  began  to  be  used  in  the  examination  of  the 


552      OVULATION 


RFKCTIOIC   of    llENSTRtFATl03fr 


tlie  ovaries  of  quadrupeds  were  also  found  to  contmn  aggs.  Thtw 
eggs  bad  previously  escaped  observation  on  account  of  their  nmph 
Btructure  and  minute  size;  but  they  were  nevertheless  fb«md  to 
possess  all  the  moat  essential  characters  belonging  to  the  larger 
eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction,  betweon  the  I 
two  classes,  is  therefore  merely  an  apparent,  not  a  fundamental  otic 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  female 
before  or  immediately  after  impregnation,  and  the  embryo  is  sulse* 
quently  developed  and  hatched  externally.     In  the  quadrupeds  and 
the  human  species,  on  the  other  hand,  the  egg  is  retained  within 
the  body  of  the  female  until  the  embryo  is  developed;  when  thoj 
membranes  are  ruptured  and  the  young  expel Ie<-1  at  the  same  timcLl 
In  all  classes,  however,  viviparous  as  well  as  oviparous,  the  young 
is  produced  equally  from  an  egg;  and  in  all  cj  .         'lie  eg^  » 
times  larger  and  sometimes  smaller,  but  always  i    :     -    ng  essentuIlT 
of  a  vitellua  and  a  vitelline  membrane,  is  contained  originally  m 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimated,  an  integnl 
part  of  the  ovarian  tissue.  It  may  be  found  there  long  before  the 
generative  function  is  established,  and  during  the  earliest  periods 
of  life.  It  may  be  found  without  difficulty  in  the  newly  hom 
female  infant,  and  may  even  be  detected  in  the  foetus  before  birth. 
Its  growth  and  nutrition,  also,  are  provided  for  in  the  Btaab  va^ 
ner  with  that  of  other  portions  of  the  bodily  structore, 

2d.  These  eggs  become  more  fully  dmehprd  at  a  etrtain  o^,  villi 
the  generative  function  U  about  to  be  established.  During  the  eirif 
periods  of  life,  the  ovaries  and  their  content?,  like  muny  olbef 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  ts 
yet  inactive,  and  incapable  of  performing  any  function.  In  the 
young  chick,  for  example,  the  ovary  is  of  small  size;  and  the  egg^ 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitellus  whidi 
they  afterward  exhibit,  are  minute,  transparent,  and  colorless.  In 
the  young  quadrupeds,  and  in  the  human  female  during  inliiMrr 
and  childhood,  the  ovaries  are  equally  inactive.  They  are  fflnolL 
friable,  and  of  a  nearly  homogeneous  appearance  to  the  nak^  €jt'f 
presenting  none  of  the  enlarged  follicles,  filled  with  traasptiM 
fluid,  which  are  afticrward  so  readily  distinguished.  At  tbift  liilKl 
accordingly,  the  female  is  incapable  of  bearing  young,  beCftOM  tfc* 
ovaries  are  inactive,  and  the  eggs  which  they  contain  immatun: 

At  a  certain  period,  however,  which  varies  in  the  tone  ct  its 
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snce  for  different  species  of  aDunals,  the  Berual  apparatus 
egios  to  enter  upon  a  state  of  activity.  The  ovaries  increase  in 
size,  and  their  circulation  becomes  more  active.  The  eggs,  also, 
instead  of  remaining  quiescent,  take  on  a  rapid  growth,  and  the 
structure  of  the  vi  tell  us  is  completed  bj  the  abundant  deposit  of 
oleaginous  granules  in  its  interior.  Arrived  at  this  state,  the  eggs 
are  ready  for  ijnpregnation,  and  the  female  becomes  capable  of 
bearing  young.  She  is  then  said  to  have  arrived  at  the  state  of 
■  puberty,**  or  that  condition  in  which  the  generative  organs  are 
ally  developed.  This  condition  is  accompanied  by  a  visible 
Alteration  in  the  system  at  large,  which  indicates  the  complete 
levelppment  of  the  entire  organism.  In  many  birds*  for  example^ 
ae  plumage  assumes  at  this  period  more  varied  and  brilliant 
>lors;  and  in  the  common  fowl  the  comb,  or  ''crest,'*  enlarges 
''and  becomes  red  and  vascular.  In  the  American  deer  (Cervus 
virginianus),  the  coat,  which  during  the  first  year  is  mottled  with 
white,  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
3g€.  In  nearly  all  species,  the  limbs  become  more  compact  and 
tie  body  more  rounded ;  and  the  whole  external  appearance  is  so 
Itered,  as  to  indicate  that  the  animal  has  arrived  at  the  period  of 
puberty,  and  is  capable  of  reproduction. 

3d.  Sftcoissive  crops  of  eggs^  in  the  adult  femakf  ripen  and  are 
\techarged  independently  of  sewual  intercourse.  It  was  formerly  sup- 
,  as  we  have  mentioned  above,  that  in  the  viviparous  animals 
germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
luence  of  sexual  interoourse.  Even  afler  the  important  fact 
le  known  that  eggs  exist  originally  in  the  ovaries  of  these 
limals,  and  are  only  fecundated  by  the  influence  of  the  sperm- 
atic fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
itercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
id  that  the  rupture  of  a  Graafian  vesicle  in  this  oi^n  was  a 
srtain  indication  that  coitus  had  taken  place. 
This  opinion,  however,  was  altogether  unfounded.  Wo  already 
know  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
ovary*  but  are  actually  discharged  from  the  body  of  the  female 
while  still  unimpregnated,  and  only  subsequently  come  in  contact 
with  the  spermatic  fluid.  In  fowls,  also,  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment,  without  the  presence  of  the  cook; 
only  these  eggs,  being  unirapregnated,  are  incapable  of  producing 
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cliieks.     la  oviparouB  aQimaU,  therefore,  the  dischiii^  of  ilvj^ 
as  well  as  its  formation,  is  iodepeudent  of  sexual  loleiMlllIki 

Continued   observation  shows  thb  to  be  the  csism,  slm,  m  the 
viviparous  quadrupeds.    The  researches  of  Bl^hoff^  Pouchct,  ml 
Costte  have  demonstated  that  in  the  sheep»  the  pig,  the  bitch,  tb 
rabbit,  &c.,  if  the  female  be  carefully  kept  from  the  male  until  After 
the  period  of  puberty  is  established,  and  then  killed,  examinatioa 
of  the  ovaries  will  show  that  Graafian  vesicles  have  maturedi,  rup* 
tured,  and  discharged  their  eggs,  in  the  same  manner  a»  ihooijrli 
sexual  intercourse  bad  taken  plaoe.     Sumetimes  the  vesicles  oie  { 
found  distended  and   prominent  upon  the  surface  of  the  ovarr; 
sometimes  recently  ruptured  and  collapsed;  and  sometimes  in  ran* 
ous  stages  of  cicatrization  and  atrophy.    BischofE*  in  Bevend  i 
stances  of  this  kindj  actually  found  the  unimpregnated  egpintliel 
oviduct,  ou  their  way  to  the  cavity  of  the  uterus.    In  those  aaiiiiilsl 
in  which  the  ripening  of  the  eggs  takes  place  at  short  interrats,  aa»] 
for  example,  the  sheep,  the  pig,  and  the  cow,  it  is  very  rare  toexafl 
mine  the  ovaries  in  any  instance  w^here  traces  of  a  mora  or  hal 
recent  rupture  of  the  Graafian  follicles  are  not  distinctly  visiWit 

One  of  the  most  important  facts,  derived  from  the  exaiDiciatio 
of  such  rases  as  the  above,  is  that  the  ovarian  eggsi  becoma  devi^^ 
loped  and  are  discharged  in  successive  crops,  which  |plloir  eadi 
other  regularly  at  periodical  intervals     If  we  examine  the  ovaiy  I 
of  the  fowl,  for  example  (Fig.  180),  we  see  at  a  glance  how  the  eggs 
grow  and  ripen,  one  after  the  other,  like  fruit  upon  a  vine.     In  this  J 
instanoe»  the  process  of  evolution  is  very  rapid;  and  it  is  ensy  ml 
distinguish,  at  the  same  time,  eggs  which  are  almost  microscopic  b  I 
size,  colorless,  and   transparent;    those  which  are    larger,  ttrmerJ 
somewhat  opaline,  and  yellowish  in  hue;  and  finally  those  which  ! 
are  fully  developed^  opaque,  of  a  deep  orange  color^  and  jual  teaif 
to  leave  the  ovary* 

It  will  be  observed  that  in  this  instance  the  differeooe  belvB« 
the  undeveloped  and  the  mature  eggs  consists  princip«iilj  in  di« 
size  of  the  vitellus,  which  is  furthermore,  for  reasons  previeosl^ 
given  (Chap,  III.),  very  much  larger  than  in  the  quadrupeda.  It  < 
is  also  seen  that  it  is  the  increased  size  of  the  vitellus  oltmc  br 
which  the  ovarian  follicle  is  distended  and  ruptured,  and  the  egg 
finally  discharged. 


I  XI6moire  sttr  la  cbute  pSriodJqoe  de  r<saf,  &q  ,  A&oaleB  dm  8cienc«t  KalmvMb  1 
Aoikt— 3eptembjr«,  1844< 
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In  order  to  preserve  their  vitality,  the  spermatozoa  must  be 
ept  at  the  ordinary  temperature  of  the  body^  and  preserved 

>in  the  contact  of  the  air  or  other  unnatural  fluidja.  In  this  way, 
they  may  be  kept  without  difficulty  many  hours  for  purposes  of 

imination.     But  if  the  fluid  in  which  they  are  kept  be  allowed 

dry,  or  if  it  be  diluted  by  the  addition  of  water,  in  the  case  of 
IHrds  and  quadrupeds,  or  if  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 

disintegrate. 

The  spermatozoa  are  produced  in  certain  gbndular-looking 
organs,  the  iestldes,  which  are  characteristic  of  the  male,  as  the  ova- 
ies  are  characteristic  of  the  female.  In  man  and  all  the  higher 
iimals,  the  testicles  are  solid^  ovoid-shaped  bi>dies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
|f  seminiferous  tubes/'  somewhat  similar  in  their  general  anatomical 
characters  to  the  tubuli  uriniferi  of  the  kidneys*  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  capillary  bloodvessels  and  a  little 
areolar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
the  external  surface  of  the  testicle,  and  pursue  an  intricately  con- 
voluted course  toward  its  central  and  posterior  part.     They  are  not 

3ngly  adherent  to  each  other,  but  may  be  readily  unravelled  by 
[loipulation,  and  separated  from  each  other. 

The  formation  of  the  spermatozoa,  as  it  takes  place  in  the 
substance  of  the  testicle,  has  been  fully  investigated  by  Kolliker. 
According  to  his  observations,  as  the  age  of  puberty  approaches, 
beside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tnbes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twenty  nuclei, 
with  nucleoli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  fonned;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  nt  first  developed  in  bundles 

ten  t*j  twenty,  held  together  by  the  thin  membranous  substance 
rbich  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
tion of  the  vesicle*  and  then  fill  nearly  the  entire  cavity  of  the 
seminiferous  ducts,  mingled  only  with  a  vqtj  minute  quantity  ot 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
ways inclosed  in  the  interior  of  their  parent  vesicles ;  they  are  libe- 
ftted,  and  mingled  promiscuously  together,  only  after  entering  the 
testis  and  the  head  of  the  epididymis. 
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very  singular  and  active  movement^  to  which  we  have  alreadj 
alluded.     If  a  drop  of  fresh  seminal  fluid   be  placed  under  tW 
microscope,   the   numberless   minute   filaments  with  which   it  \m 
crowded  are  seen  to  be  in  a  state  of  incessant  and  agitated  motion. 
This  movement  of  the  spermatozoa,  in  many  species  of  antmal-s 
strongly  resembles  that  of  the  tadpole ;  particularly  when,  us  in  the 
human  subject^  the  rabbit,  kc.,  the  spermatozoa  cooftist  of  a  shortj 
and  well  defined  head^  followed  by  a  long  and  slender  taiL    HcrSi 
the  tail-like  filament  keeps  up  a  constant  lateral  or  vibratory  more- 
ment,  by  which  the  8permat4:>Z4>on  is  driven  from  place  to  place  in 
the  spermatic  fluid,  just  as  the  fish  or  the  tadpole  is  propelkd 
through  the  water.    In  other  instances,  as  for  example  in  the  water- 
lizard,  and  in  some  parasitic  animals,  the  spermatozoa  have  a  coa- j 
tinuoos  writhing  or  spiraldike  movement,  which  presents  a  ^^fl 
peculiar  and  elegant  appearance  when  large  numbera  of  tliem  a»" 
viewed  together. 

It  is  the  existence  of  this  movement  which  first  suggested  tlie 
name  of  spermatozoa  to  designate  the  animated  filameute  of  the 
spermatic  fluid;  and  which  has  led  some  writers  to  attribute  to 
them  an  independent  animal  nature.     This  is,  however^  a  tetj    . 
erroneous  mode  of  regarding  them ;  since  they  cannot  properly  ^Ijl 
considered  as  animals,  notwithstanding  the  active  character  of  tbdf^ 
movementi  and  the  striking  resemblance  which  it  sometimes  pre- 
sents to  a  voluntary  act«    The  spermatozoa  are   organic  fonoii 
which  are  produced  in  the  testicles,  and  constitute  a  part  of  their 
tissue ;  just  as  the  eggs,  which  are  produced  in  the  ovaries^  oaiu* 
rally  form  a  part  of  the  texture  of  these  organs.     Like  the  egg 
also,  the  spermatozoon  is  destined  to  be  discharged  from  the  orgaa 
where  it  grew,  and  to  retain,  for  a  certain  length  of  time  afterwird* 
its  vital  properties.     One  of  the  most  peculiar  of  these  properties 
is  its  power  of  keeping  in  constant  motion;  which  does  not,  howi 
ever,  mark  it  as  a  distinct  animal,  but  only  distinguishes  it  ai 
peculiar  structure  belonging  to  the  parent  organisna.     The  m- 
of  a  spermatozoon  is  precisely  analogous  to  that  of  a  ciliaUdd 
thelium  cell     The  movement  of  the  latter  will  continue  for 
hours  after  it  has  been  separated  from  its  mucous  membrane,  pro- 
vided its  texture  be  not  injured,  nor  the  process  of  deoompositkutj 
allowed  to  commence.     In  the  same  manner,  the  movement  of  ti* 
spermatozoa  is  a  characteristic  property  belonging  to  ifaem,  whica 
continues  for  a  certain  time^  even  after  they  have  been  acparaSed 
from  the  rest  of  the  body. 
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wtUe  the  spermatozoa  remaining  entangled  in  the  filter^  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 
tion^  may  still  be  successfully  used  for  the  impregnation  of  eggs. 
It  IB  well  known,  also^  that  animals  or  men  from  whom  both  testi- 
cles have  been  removed,  are  incapable  of  impregnating  the  female 
or  her  eggs ;  while  a  removal  or  imperfection  of  any  of  the  other 
generative  organs  does  not  necessarily  prevent  the  accomplishment 
^{  the  function. 

In  most  of  tlie  lower  orders  of  animals  there  is  a  j>eriodical 
development  of  the  testicles  in  the  male,  corresponding  in  time  with 
that  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
^  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
.  as  the  season  of  reproduction  approaches,  and  become  turgid 
with  spermatozoa.  The  accessory  organs  of  generation,  at  the 
ime  time,  share  the  unusual  activity  of  the  testicles,  and  become 
icreased  in  vascularity  and  ready  to  perform  their  part  in  the 
^productive  function. 
In  the  fish,  for  example,  where  the  testicles  occupy  the  same 
sition  in  the  abdomen  as  the  ovaries  in  the  opposite  sex»  these 
bodies  enlarge,  become  distended  with  their  contents,  and  project 
ito  the  peritoneal  cavity.  Each  of  the  two  sexes  is  then  at  the 
le  time  under  the  influence  of  a  corresponding  excitement  The 
lusual  development  of  the  generative  organs  reacts  upon  the  entire 
fsUm,  and  produces  a  state  of  peculiar  activity  and  excitability^ 
aown  as  the  condition  of  *'  erethism/'  The  female,  distended  with 
jgS|  feels  the  impulse  which  leads  to  their  expulsion;  while  the 
aale,  bearing  the  weight  of  the  enlarged  testicles  and  the  accurau- 
iition  of  newlj^-developed  spermatozoa,  is  impelled  by  a  similar 
itiott  to  the  discharge  of  the  spermatic  fluid.  The  two  sexes, 
jrdingly,  are  led  by  instinct  at  this  se^ison  to  frequent  the  same 
ituations.  The  female  deposits  her  eggs  iji  some  spot  favorable 
the  protection  and  development  of  the  young;  after  which  the 
Je,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 
laid  egg&t  discharges  the  spermatic  fluid  upon  them,  and  their 
impregnation  is  accomplished. 

In  such  instances  as  the  above,  where  the  male  and  female  gene- 
rative products  are  discharged  separately  by  the  two  sexes,  the 
subsequent  contact  of  the  eggs  mth  the  spermatic  fluid  would  seem 
to  be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
stances, and  their  impregnation,  therefore^  often  liable  to  fiiil.  In 
int  of  factj  however,  the  simultaneous  functional  excitement  of 
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Beside  the  testicles,  which  are,  as  above  stated,  the  primary  and 
essential  parts  of  the  male  generative  apparatuiv  there  are  oertaia 
secondary  or  accessory  organs,  by  means  of  which  the  speraiaiie 
fluid  is  conveyed  to  the  exterior,  and  mingled  with  various  secr^ 
tions  which  assist  in  the  accomplishment  of  its  functioos. 

As  the  sperm  leaves  the  testicle,  it  consists,  as  above  mentiooed, 
almost  entirely  of  the  spermatozoa,  crowded  together  in  an  opaqoe, 
white,  semi-fluid  mass,  which  fills  np  the  vasa  efierentia^  and  com- 
pletely distends  their  cavities.  It  then  enters  the  single  doct 
which  forms  the  body  and  lower  extremity  of  the  epi''"  ',  J 
following   the   long  and   tortuous   course   of  this   tube,  1 1 

reaches  the  vas  deferens;    through  which  it  is   still   eourmti 
onward   to   the   point  where   this   canal   opens  into  the  ureth: 
Throughout  this  coarse,  it  is  mingled  with  a  glairy,  macos- 
fluid,  secreted  by  the  walls  of  the  epididymis  and  vas  deferens,  i 
*-1«rhich  the  spermatozoa  are  enveloped.     The  mixture  is  then  depo* 
sited  in  the  vesiculfo  scminales,  where  it  accumulates,  as  fresh  qtiaa- 
titles  are  produced  in  the  testicle  and  conveyed  dowuwanl  br  the 
*  fepermatic  duct.     It  is  probable  that  a  second  secretion  is  supplied 
also  by  the  internal  surface  of  the  vesicul©  seminales^  and  thai  iha 
sperm,  while  retained  in  their  cavities,  is  not  only  stored  up  fcr 
subsequent  use,  but  is  at  the  same  time  modified  in  its  prope: 
by  the  admixture  of  another  fluid. 

At  the  time  when  the  evacuation  of  the  sperm  takes  plaoev  it 
driven  out  from  the  seminal  vesicles  by  the  muscular  contrictzoa 
of  the  surrounding  parts,  and  meets  in  the  urethra  with  the  scctt- 
tions  of  the  prostate  gland,  the  glands  of  Cowper,  and  ifaa  moixnB 
follicles  opening  into  the  urethral  passage.  All  theee  organs  am  H 
that  time  excited  to  an  unusual  activity  of  secretion,  and  jwnr  oA 
their  different  fluids  in  great  abundance. 

The  sperm,  therefore,  as  it  is  discharged  from  the  urethra,  is  m 
exceedingly  mixed  fluid,  consisting  of  the  spermatozoa  dermJ 
from  the  testicles,  together  with  the  secretions  of  the  epididymB 
and  vas  deferens,  the  prostate,  Cowper's  glands,  and  the  mucous  £)!• 
licles  of  the  urethra.  Of  all  these  ingredients,  it  is  the  spermaloiQi 
which  constitute  the  essential  part  of  the  seminal  fluid.  Tbey  «« 
the  true  fecundating  element  of  the  sperm,  while  all  ibe  others  nn 
secondary  in  importance,  and  perform  only  accessory  fiiticiioci& 

Spallanzani  found  that  if  frog's  semen  be  passed  through  a  ««• 
cession  of  filters,  so  as  to  separate  the  spermatozoa  from  the  Iiq«i 
portions,  the  filtered  fluid  is  destitute  of  any  fecundating  propatjo; 
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wliile  the  spermatozoa  rcmainiDg  entangled  in  the  filter^  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 
tion, may  still  be  successfully  used  for  the  impregnation  of  eggs. 
It  is  well  known,  also,  that  animals  or  men  from  whom  both  testi- 
cles have  been  remove*!,  are  incapable  of  impregnating  the  female 
or  her  eggs ;  while  a  removal  or  imperfection  of  any  of  tlie  other 
generative  organs  does  not  necessarily  prevent  the  accomplishment 
of  the  function. 

In  most  of  tTie  lower  orders  of  animals  there  is  a  periodical 
I  development  of  the  testicles  in  the  male,  corresponding  in  time  wilh 
^Hiai  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
^Kggs  ripen  in  the  one  sex^  so  in  the  other  the  testicles  inci'ease  in 
^^^niize,  as  the  season  of  reproduction  approaches,  and  become  turgid 
with  spermatozoa.  The  accessory  organs  of  generation^  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  liecome 
increased  in  vascularity  and  ready  to  perform  their  part  in  the 
reproductive  function. 

In  the  fish,  for  example,  where  the  testicles  occupy  the  same 
ition  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  these 
ies  enlarge,  become  distended  with  their  contents,  and  project 
to  the  perit^jneal  cavity.    Each  of  the  two  sexes  is  then  at  the 
e  time  under  the  influence  of  a  corresponding  excitement     The 
usual  development  of  the  generative  organs  reacts  upon  the  entire 
stem,  and  produces  a  state  of  peculiar  activity  and  excitability^ 
own  as  the  condition  of  "  erethism/^     The  female,  distended  with 
feels  the  impulse  which  leads  to  their  expulsion;  while  the 
bearing  the  weight  of  the  enlarged  testicles  and  the  accumu- 
tion  of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
,tion  to  the  discharge  of  the  spermatic  fluid.    The  two  sexes, 
cordingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
tuations.    The  female  deposits  her  eggs  in  some  spot  favorable 
the  protection  and  development  of  the  young;  afler  which  the 
ale,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 
id  eggs,  discharges  the  spermatic   fluid   upon  them,  and  their 
pregnation  is  accomplished. 

In  such  instances  as  the  above^  where  the  male  and  female  gene- 
ive  products  are  discharged  separately  by  the  two  sexes,  the 
bsequent  contact  of  the  eggs  with  the  spermatic  fluid  would  seem 
be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
ces,  and  their  impregnation,  therefore,  often  liable  tt^  fiiil.  In 
^int  of  fact,  however,  the  simultaneous  functional  excitement  of 
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the  ovaries  of  quadrupeds  were  also  found  to  contain  €gg9^  Them 
cgga  had  previously  escaped  ob^rvation  on  account  of  their  simple 
structure  and  minute  size;  but  they  were  neverthelegs  found  to 
possess  all  the  raost  essential  characters  belonging  to  the  larger 
eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction,  between  tbe 
two  classes,  is  therefore  merely  an  apparent,  not  a  fundamental  <me. 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  female: 
before  or  immediately  after  impregnation,  and  the  embryo  is  fubge* 
quently  developed  and  hatched  externally.  In  the  quadrupeds  »nd 
the  human  species,  on  the  other  hand,  the  egg  is  ret&ined  withm 
the  body  of  the  female  until  the  embryo  is  developed ;  when  the 
membranes  are  ruptured  and  the  young  expel  leil  at  the  same  Umt, 
In  all  classes,  however,  viviparous  as  well  as  oviparous^  the  voting 
is  produced  equally  from  an  egg ;  and  in  all  classea  the  cgg^  mrnt- 
times  larger  and  sometimes  smaller,  but  always  consisting  eademUUr 
of  a  vitellus  and  a  vitelline  membrane,  is  contained  orij 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimated^  an  intej 
part  of  the  ovarian  tissue.  It  may  be  found  there  long  before  xht 
generative  function  is  established,  and  during  the  earliest  periods 
of  life.  It  may  be  found  without  difficulty  in  the  newly  bora 
female  infant,  and  may  even  be  detected  in  the  foetus  before  billk* 
Its  growth  and  nutrition,  also,  are  provided  for  in  the  same 
ner  with  that  of  other  portions  of  the  bodily  structure. 

2d.  These  eggs  become  more  fxdhj  dtvehped  at  a  certain  aye; 
iht  generative  function  is  about  to  he  established.  During  the 
periods  of  life,  the  ovaries  and  their  contents,  like  many  oifcer 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  ifl 
yet  inactive,  and  incapable  of  performing  any  function.  In  the 
young  chick,  for  example,  the  ovary  is  of  small  size;  atid  the  tggi, 
instead  of  presenting  the  voluminous,  yellow,  opaque  vi  toll  as  wfcieb 
they  afterward  exhibit,  are  minute,  transparent,  and  oolorlesa.  la 
the  young  quadrupeds,  and  in  the  human  female  during  UAioef 
and  childhood,  the  ovaries  are  equally  inactive.  They  are  sniiltf 
friable,  and  of  a  nearly  homogeneous  appearance  to  th^  naked  9n; 
presenting  none  of  the  enlarged  follicles,  filled  with  transptfSBt 
fluid,  which  are  afterward  so  readily  distinguished.  Al  this  time, 
accordingly,  the  female  is  incapable  of  bearinL'  ,  beeauM  *1» 

ovaries  are  inactive,  and  the  eggs  which  they  c  Linmatum 

At  a  certain  period,  however,  which  varies  in  the  time  of  to. 
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currence  for  different  species  of  animals,  the  sexual  apparatus 
Bgins  to  eater  upon  a  state  of  activity.  The  ovaries  increase  in 
ize,  and  their  circulation  becomes  more  active.  The  eggs,  also, 
^instead  of  remaining  quiescent,  take  on  a  rapid  growth,  and  the 
structure  of  the  vitellus  is  completed  by  the  abundant  deposit  of 
^inous  granules  in  its  interior.  Arrived  at  this  st^te,  the  eggs 
ready  for  impregnation,  and  the  female  becomes  capable  of 
ing  young.  She  is  then  said  to  have  arrived  at  the  state  of 
''puberty,"  or  that  condition  in  which  the  generative  organs  are 
fully  developed*  This  condition  is  accompanied  by  a  visible 
Iteration  in  the  system  at  large,  which  indicates  the  complete 
levelopraent  of  the  entire  organism.  In  many  birds,  for  example, 
30  plumage  assumes  at  this  period  more  varied  and  brilliant 
jlors;  and  in  the  common  fowl  the  comb,  or  "crest/'  enlarges 
nd  becomes  red  and  vascular.  In  the  American  deer  (Cerviis 
irginianus),  the  coat,  which  during  the  first  year  is  mottled  with 
rhite^  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
tinge.  In  nearly  all  species,  the  limbs  become  more  compact  and 
be  body  more  rounded ;  and  the  whole  external  appearance  is  so 
Itered,  as  to  indicate  that  the  animal  has  arrived  at  the  perio<3  of 
puberty,  and  is  capable  of  reproduction. 

3d*  Succtssive  crops  of  egr/s^  in  the  adult  femahj  ripen  and  are 
\iecharged  iyidefiendenthj  of  scxunl  intercourse.  It  was  formerly  sup- 
as  we  have  mentioned  above,  that  in  the  viviparous  animals 
the  germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
quence of  sexual  intercourse.  Even  after  the  important  fact 
Ijecame  known  that  eggs  exist  originally  in  the  ovaries  of  these 
animals^  and  are  only  fecundated  by  the  influence  of  the  sperm- 
atic fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
intercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
and  that  the  rupture  of  a  Graafian  vesicle  in  this  oi^n  was  a 
certain  indication  that  coitus  had  taken  place. 

This  opinion*  however,  was  altogether  unfounded.  We  already 
know  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
ovary,  but  are  actually  discharged  from  the  body  of  the  female 
while  still  unimpregnated,  and  only  subsequently  come  in  contact 
with  the  spermatic  fluid.  In  fowls,  also,  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment,  without  the  presence  of  the  cock; 
pnly  these  eggs,  being  unimpregnated,  are  incapable  of  producing 
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tbe  ovaries  of  quadrupeds  were  also  found  to  contain  eggs.  Tbew 
eggs  tad  previously  escaped  observation  on  account  of  their  simpk 
structure  and  minute  size ;  but  tbey  were  nevertheless  found  to 
possess  all  ihe  most  essential  characters  belonging  to  the 
eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction,  between 
two  classes,  is  therefore  merely  an  apparent,  not  a  fundamental  one 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  femik 
before  or  immediately  after  impregnation,  and  the  embryo  is  iulJli^ 
quently  developed  and  hatched  externally.  In  the  quadrupeds  and 
the  human  species,  on  the  other  hand,  the  egg  is  retained  wUhia 
the  body  of  the  female  until  the  embryo  is  developed ;  when 
membranes  are  ruptured  and  the  young  expelled  at  the  aamo  time. 
In  all  classes,  however,  viviparous  as  well  as  oviparous,  the  yooag 
is  produced  equally  from  an  egg;  and  in  all  classes  the  egg^  mae^ 
times  larger  and  sometimes  smaller,  but  always  consisting  ea^entulljr 
of  a  vitellus  and  a  vitelline  membrane,  is  contained  originally 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimated,  an  in! 
part  of  the  ovarian  tissue.  It  may  be  found  there  long  before 
generative  function  is  established,  and  during  the  earliest  periods 
of  life.  It  may  be  found  without  difficulty  in  the  newly  bora 
female  infant,  and  may  even  be  detected  in  the  foetus  before  birtk* 
Its  growth  and  nutrition,  also,  are  provided  for  in  the  s^ma  mall* 
ner  with  that  of  other  portions  of  the  bodily  structure, 

2d.  These  eggs  become  more  fully  developed  at  a  etrtam  a 7  ti'n 
the  generative  function  ?i  about  to  be  established.  During  tbe  •  -i-l . 
periods  of  life,  the  ovaries  and  their  contents,  like  many  otbtf 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  w 
yet  inactive,  and  incapable  of  performing  any  function*  In  die 
*young  chick,  for  example,  the  ovary  is  of  small  size;  and  the  «gg& 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitellas  wlikb 
they  afterward  exhibit,  are  minute,  transparent,  and  colorless,  la 
the  young  quadrupeds,  and  in  the  human  female  during  inlka^ 
and  cliildhood,  the  ovaries  are  equally  inactive.  They  ans  maUL 
friable,  and  of  a  nearly  homogeneous  appearance  to  the  nakied  eyt; 
presenting  none  of  the  enlarged  follicles,  filled  with  inuiqMBVil 
fluid,  which  are  afterward  so  readily  distinguished.  At  tbisi  rinw^ 
accordingly,  the  female  is  incapable  of  bearing'  ,  beOftVMlbe 

ovaries  are  inactive,  and  the  eggs  which  they  <  t  cnnuilaiiL 

At  a  certain  period,  however,  which  varies  in  the  time  of  id 
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rence  for  different  speoies  of  aninmlsi  the  sexual  apparatus 
gins  to  enter  upon  a  state  of  activity.  The  ovaries  increase  in 
V  and  their  circulation  becomes  more  active.  The  eggs,  alao, 
ead  of  remaining  quiescent,  take  on  a  rapid  growth,  and  the 
structure  of  the  vitellus  is  completed  bj  the  abundant  deposit  of 
oleaginous  granules  in  its  interior.  Arrived  at  this  state^  the  eggs 
are  ready  for  impregnation,  and  the  female  becomes  capable  of 
bearing  young.    She  is  then  said  to  have  arrived  at  the  state  of 

I  I*  puberty,"  or  that  condition  in  which  the  generative  organs  are 
■ally  developed.  This  condition  is  accompanied  by  a  visible 
pltemtion  in  the  system  at  large,  which  indicates  the  complete 
development  of  the  entire  organism.  In  many  birds,  for  example, 
^^he  plumage  assumes  at  thia  period  more  varied  and  brilliant 
^f^lors;  and  in  the  common  fowl  the  comb,  or  *' crest/'  enlarges 
^  and  becomes  red  and  vascular.  In  the  American  deer  (Cervus 
^rfrirginianus),  the  coat,  which  during  the  first  year  is  mottled  with 
^lirhite;  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
tinge.  In  nearly  all  species,  the  limbs  become  more  compact  and 
the  body  more  rounded ;  and  the  whole  external  appearance  is  so 
-altered,  as  to  indicate  that  the  animal  has  arrived  at  the  period  of 
berty,  and  is  capable  of  reproduction. 

.  Sii^€0siv€  crops  of  egf/s,  in  (he  adult  female^  ripen  and  are 
urged  independently  of  sexual  intercourse.  It  was  formerly  sup- 
as  we  have  mentioned!  above,  that  in  the  viviparous  animals 
the  germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
^^fiuence  of  sexual  intercourse.  Even  afler  the  important  fact 
^^pecame  known  that  eggs  exist  originally  in  the  ovaries  of  these 
I  aaimals,  and  are  only  fecundated  by  the  influence  of  the  sperm- 
j  Atic  fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
I  intercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
j  and  that  the  rupture  of  a  Graafian  vesicle  in  this  organ  was  a 
I  certain  indication  that  coitus  had  taken  place* 
I  This  opinion,  however,  was  altogether  unfounded.     We  already 

Iniow  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
I     ovary,  but  are  actually  discharged  from  the  body  of  the  female 
while  still  unimpregnated,  and  only  subsequently  come  in  contact 
I     with  the  spermatic  fluid.     In  fowls,  alsi),  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment,  without  the  presence  of  the  cock ; 
ise  eggs,  being  unimpregnated,  are  incapable  of  producing 
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chicks.     In  oviparaujj  animals,  therefore,  the  discharge  of  tbe  eg^ 
as  well  iU5  its  formation,  is  indej:)cndent  of  sexual  interooamu 

ContiDued  observation  ehows  this  to  bo  the  case^  alac^  m  tiM 
viviparous  quadrupeds.    The  researches  of  Bischuff,  Pouchet^ 
Coste  have  demonstated  that  in  the  sheep^  the  pig,  the  bitoh, 
rabbit,  &o.,  if  the  female  be  carefully  kept  from  the  male  until  after 
the  period  of  puberty  m  established,  and  then  killed,  eKununatioQ 
of  the  ovaries  will  show  that  Graafian  vesicles  have  matured,  rup- 
tured, and  discharged  their  eggs,  in  the  same  manner  as  though 
sexual  intercourae  bad  taken  place.    Sometimes  the  vesiclcd  arc 
found  distended  and   prominent  upon  the  surface  of  the  ovary; 
sometimes  recently  ruptured  and  collapsed;  and  sometime  in  Tari- 
ous  stages  of  cicatrization  and  atrophy,    Bischoffl^  in  aeTend  m- 
stances  of  this  kind,  actually  found  the  unimpregnated  eggs  in  tfai 
oviduct,  on  their  way  to  the  cavity  of  the  uterus.     In  those  '^*"^"i||fc 
in  which  the  ripening  of  the  eggs  takes  place  at  short  intervali^J^H 
for  example,  the  sheep,  the  pig,  and  the  cow,  it  is  very  rare  to  en- 
mine  the  ovaries  in  any  instance  where  traces  of  a  more  or  km 
recent  rupture  of  the  Graafian  fi>Ilicles  are  not  distinctly  visible. 

One  of  the  most  important  facts,  derived  from  the  exaxoioatiai 
of  such  «^ases  as  the  above,  is  that  the  ovarian  eggs  become  dera^ 
loped  and  are  discharged  in  successive  crops,  which  {bllovr  task 
other  regularly  at  periodical  intervals.  If  we  examine  the  ovaiy 
of  the  fowl,  for  example  (Fig.  180),  we  see  at  a  glance  how  the  eggii 
grow  and  ripen,  one  afler  the  other,  like  fruit  upon  a  viae.  In  l\m 
instance,  the  process  of  evolution  is  very  rapid;  and  it  is  east  feo 
distinguish,  at  the  same  time,  eggs  which  are  almost  micro^oopie  Jft 
size,  colorless,  and  transparent;  those  which  are  larger,  fiirnQr^ 
somewhat  opaline,  and  yellowish  in  hue;  and  finally  those  whiob 
are  fully  developed,  opaque,  of  a  deep  orange  color,  and  just  naif 
to  leave  the  ovary. 

It  will  be  observed  that  in  this  instance  the  diiTereiioe  belWiia 
the  undeveloped  and  the  mature  eggs  consists  principallr  in  lki6 
size  of  the  vitellus,  which  is  furthermore,  for  reasoua  prcTioviIy 
given  (Chap,  II L),  mry  much  larger  than  in  the  quadrapedsL  h 
is  also  seen  that  it  is  the  increased  size  of  the  vitellus  alooo^  by 
which  the  ovarian  follicle  is  distended  and  ruptured,  and  the  egg 
finally  dir^jharged. 
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In  the  humau  species  and  the  quadrupeds,  on  the  other  hand, 

lie  microscopic  egg  never  becomes  large  enough  to  distend  Ibe 

>llicle  by  its  own  size.     The  rupture  of  the  follicle  and  the  libera- 

of  the  egg  are  accordingly  provided  for,  in  these  instances,  by 

totally  different  mechanism. 

In  the  earlier  periods  of  life,  in  man  and  the  higher  animals,  the 
egg  is  contiiined  in  a  Graafian  follicle  which  closely  embraces  its 
cterior,  and  is  consequently  hardly  larger  than  the  egg  itself.  As 
*"pul)erty  approaches,  those  follicles  w^hich  arc  situated  near  the  free 
surface  of  the  ovary  become  enlarged  by  the  accumulation  of  a 
3lorless  serous  fluid  in  their  cavity.  We  then  find  that  the  ovary, 
vrhen  cut  open,  showa  a  considerable  number  of  globular,  transpa- 
rent vesicles,  readily  perceptible  by  the  eye^  the  smaller  of  which 
are  deep  seated,  but  which  increase  in  size  as  they  approach  the 
ree  surface  of  the  organ.  These  vesicles  are  the  Graafian  folHcles^ 
i,  in  consequence  of  the  advancing  maturity  of  the  eggs  con- 
led  in  them,  gradually  enlarge  as  the  period  of  generation  ap- 
Iroaches* 

be  Graafian  follicle  at  this  time  consists  of  a  closed  globular 

or  vesicle,  the  external  wall  of  which^  though  quite  translucent, 

has  a  fibrous  texture  under  the  microscope  and  is  well  supplied 

A^'ith  bloodvessels.    This  flbrous  and  vascular  wall  is  distinguished 

l^y  the  name  of  the  *' membrane  of  the  vesicle."     It  is  not  very 

in  texture,  and  if  roughly  handled  is  easily  ruptureil. 

The  membrane  of  tlie  vesicle  is  lined  throughout  by  a  thin  layer 

r  minute  granular  cells,  which  form  for  it  a  kind  of  epithelium, 

imilar  to  the  epithelium  of  the  pleura,  pericardium,  and  other 

erous  membranes.    This  layer  is  termed  the  membmna  granulosa. 

adheres  but  slightly  to  the  membrane  of  the  vesicle,  and  may 

asily  be  detached  by  careless  manipulation  before  the  vesicle  is 

&ned,  being  then  mingled,  in  the  form  of  light  flakes  and  shreds, 

"with  the  serous  fluid  contained  in  the  vesicle. 

At  the  most  superficial    part   of  the   Graafian  follicle,  or  that 
which  is  nearest  the  surface  of  the  ovary,  the  membrana  granulosa 
thicker  than  elsew^here.     Its   cells  are  here  accumulated,  in  a 
ind  of  mound  or  **  heap/*  which  has  received  the  name  of  the 
imuluB  proUgerus.     It  is  somtitimes  called  the  discvs  prolyjcnis, 
ause  the  thickened  mass,  when  viewed  from  above,  has  a  some- 
circular  or  disk-like  form.     In  the  centre  of  this  thickened 
toon  of  the  membrana  granulosa  the  egg  is  imbedded.     It  is 
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very  singular  and  active  tDOvement  to  whicli  we  have  ilrstdjl 
alluded.    If  a  drop  of  fresh  seminal  fluid   be  placed  under  tLe] 

microscopOj 


numberless   minute   filaments  'W'itli  which 


crowded  are  seen  to  be  in  a  state  of  incessant  and  agitated  motioo. 
This  movement  of  the  spermatozoay  in  many  species  of  aoioialei^ 
strongl)^  resembles  that  of  the  tadpole ;  particularly  when*  us  in  the 
human  subject,  the  rabbity  &c.,  the  spermatoaoa  consist  of  a  short 
and  well  defined  head;  followed  by  a  long  and  slender  taiL  Hero 
the  tail-like  filament  keeps  up  a  constant  lateral  or  vibratory  move- 
ment, by  which  the  spcrmatoiioon  is  driven  from  place  to  place  in 
the  spermatic  fluid,  just  as  the  fish  or  the  tadpolo  is  propcU< 
through  the  water.  In  other  instances,  as  for  example  in  the  water- 
liswird,  and  in  some  parasitic  animals,  the  spermatozoa  have  a 
tinuous  writhing  or  spiral-like  movement,  which  presents  a  n 
peculiar  and  elegant  appearance  when  large  numbers  of  them 
viewed  together. 

It  is  the  existence  of  this  movement  which  first  suggested  tbt 
name  of  spermatozoa  to  designate  the  animated  filaments  of  tlx 
spermatic  fluid;  and  which  has  led  some  writers  to  attribute 
them  an  independent  animal  nature.  This  is^  however,  a  ve 
erroneous  mode  of  regarding  them ;  since  they  cannot  properly 
considered  as  animals,  notwithstanding  the  active  character  of  their 
movement,  and  the  striking  resemblance  which  it  sometimes  pre- 
sents to  a  voluntary  act.  The  spermatozoa  are  organic  fortnf, 
which  are  produced  in  the  testicles,  and  constitute  a  p&rt  of 
tissue;  just  as  the  eggs,  which  arc  produced  in  tho  ovaries^  oita^ 
rally  form  a  part  of  the  texture  of  these  organs.  Like  tbe 
also,  the  spermatozoon  is  destined  to  be  discharged  from  the  oj 
where  it  grew,  and  to  retain,  for  a  certain  length  of  time  aftci 
its  vital  properties.  One  of  the  most  peculiar  of  these  pro] 
is  its  power  of  keeping  in  constant  motion;  which  does  noti  bov- 
ever,  mark  it  as  a  distinct  animal,  but  only  distinguishes  it  as  t 
peculiar  structure  belonging  to  the  parent  organism.  The  motioii. 
of  a  spermatozoon  is  precisely  analogous  to  that  of  a  ciliated  cpi' 
thelium  cell.  The  movement  of  the  latter  will  continue  fomac 
hours  afler  it  has  been  separated  from  its  mucous  membmiit^  pn^j 
vided  its  texture  be  not  injured,  nor  the  process  of  dooomposij 
allowed  to  commence.  In  the  same  manner,  the  movomcat  of  tbe 
spermatozoa  is  a  characteristic  property  belonging  to  tbcizu  wh^cl 
continues  for  a  certain  time,  even  after  they  have  been  supat^it-il 
from  the  rest  of  the  body. 
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In  order  to  preserve  their  vitality,  the  spermatozoa  must  bo 
kept  at  the  ordinary  temperature  of  the  body,  and  preserved 
from  the  contact  of  the  air  or  other  unnatural  fluids.  In  this  way, 
they  may  be  kept  without  difficulty  many  hours  for  purposes  of 
examinatiotL  But  if  the  fluid  in  which  they  are  kept  be  allowed 
to  dry,  or  if  it  be  diluted  by  the  addition  of  water,  in  the  case  df 
birds  and  quadrupeds,  or  >f  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 
to  disintegrate. 

The  spermatozoa  are  produced  in  certain  gbndular-looking 
organs,  the  testicles^  which  are  characteristic  of  the  male^  as  the  ova- 
rie-s  are  characteristic  of  the  female.  In  man  and  all  the  higher 
animals,  the  testicles  are  solid,  ovoid-shaped  bodies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
'*  seminiferous  tubes,"  somewhat  simiLar  in  their  general  anatomical 
cbaracters  to  the  tubuli  uriniferi  of  the  kidneys.  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  cnpillary  bloodvessels  and  a  little 
areolar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
the  external  surface  of  the  testicle,  and  pursue  an  intricately  con- 
voluted course  toward  its  central  and  posterior  part.  They  are  not 
strongly  adherent  to  each  other,  but  may  be  readily  unravelled  by 
manipulation,  and  separated  from  each  other. 

The  formation  of  the  spermatozoa,  as  it  takes  place  in  the 
substance  of  the  testicle,  has  been  fully  investigated  by  Kolliker, 
According  to  his  observations,  as  the  age  of  puberty  approaches, 
tieside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tubes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twenty  nuclei, 
with  nucleoli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  formed ;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  at  first  developed  in  bundles 
of  ten  to  twenty,  held  together  by  the  thin  membranous  substance 
which  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
tion  of  the  vesicle,  and  then  fill  nearly  the  entire  cavity  of  the 
seminiferous  ducts,  mingled  only  with  a  very  minute  quantity  ot 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
ways inclosed  in  the  interior  of  their  parent  vesicles;  they  are  libe- 
rated^  and  mingled  promiscuously  together,  only  after  entering  the 
^  rete  testis  and  the  head  of  the  epididymis. 


548 


MALE    0B6ANS    OF    6£K£EATI0!r. 


Beside  the  testicles,  which  are^  as  above  stated,  the  primaiyand 

esseotial  parts  of  the  male  generative  apparatus,  there  are  eaiam 
secondary  or  accessory  organs,  by  means  of  which  the  spenmtic 
fluid  is  conveyed  to  the  exterior,  and  mingled  with  variotis  sosinN 
tions  which  assist  in  the  accomplishment  of  its  fimctious. 

As  the  sperm  leaves  the  testicle,  it  consists,  as  above  menliood, 

almost  entirely  of  the  spermatozoa,  crowded  together  in  an  opatjtie, 

white,  semi-flaid  mass,  which  fills  np  the  vasa  efferentia,  and  oom- 

pletely  distends  their  cavities.     It  then   enters   the  single  duct 

which  forms  the  body  and  lower  extremity  of  the  epididyim 

following  the  long  and  tortuous  course  of  this  tub^  nntS  it 

reaches  the  vas  deferens;    through  which  it  is   still    conveyed 

'onward   to  the  point  where  this  canal  opens  into  the  urelhm 

Throughout  this  course,  it  is  mingled  with  a  glairy,  macus-Uke 

^fluid,  secreted  by  the  walls  of  the  epididymis  and  vas  deferem^  h 

^which  the  spermatozoa  are  enveloped.     The  mixture  is  then  dq»* 

sited  in  the  vesiculas  seminales,  where  it  accumulates,  as  fresh  q«s- 

ities  are  produced  in  the  testicle  and  conveyed  downward  hj  the 

permutic  duct.    It  is  probable  that  a  second  secretion  i^  suppSd 

also  by  the  internal  surface  of  the  vesicular  seminules,  and  that  the 

^'iperm,  while  retained  in  their  cavities,  is  not  only  stored  up  for 

subsequent  use,  but  is  at  the  same  time  modified  in  its  proptTtio 

by  the  admixture  of  another  fluid. 

At  the  time  when  the  evacuation  of  the  sperm  takes  place^  it  ii 
driven  out  from  the  seminal  vesicles  by  the  muscular  contraodoo 
of  the  surrounding  parts,  and  meets  in  the  urethra  with  the  wsat- 
tlons  of  the  prostate  gland,  the  glands  of  Cowper,  and  the  mQCOQi 
follicles  opening  into  the  urethral  passage.  All  these  organs  are«* 
that  time  excited  to  an  unusual  activity  of  secretion,  and  pour  wit 
their  difierent  fluids  in  great  abundance. 

The  sperm,  therefore,  as  it  is  discharged  from  the  urethra,  ii  «b 
exceedingly  mixed  fluid,  consisting  of  the  spermatozoa  dcrivd 
from  the  testicles,  together  with  the  secretions  of  the  epididynns 
and  vas  deferens,  the  prostate,  Cowper^s  glands,  and  the  mucous  (bl- 
licles  of  the  urethra.  Of  all  these  ingredients,  it  is  the  spermaMOi 
which  constitute  the  essential  part  of  the  seminal  fluid.  Thcytw 
the  true  fecundating  element  of  the  sperm,  while  all  the  othen  ire 
secondary  in  importance,  and  perform  only  aooessory  functSoiu. 

Spallanzani  found  that  if  frog's  semen  be  passed  through  a  « 
cession  of  filters,  so  as  to  separate  the  spermatozoa  from  ibe  \i(fM 
portions,  the  filtered  fluid  is  destitute  of  any  fecundating  propertiiff; 
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wtile  the  spermatozoa  remaining  entangled  in  the  filter^  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 

tn,  may  still  be  successfully  used  for  the  impregnation  of  eggs, 
is  well  known,  also,  that  animals  or  men  from  whom  both  testi* 
s  have  been  removed,  are  incapable  of  impregnating  the  female 
or  her  eggs;  while  a  removal  or  imperfection  of  any  of  the  other 
generative  organs  does  not  necessarily  prevent  the  accomplishment 
of  the  function.  ^ 

»In  most  of  the  lower  orders  of  animals  there  is  a  j>eriodical 
velopment  of  the  testicles  in  the  male,  corresponding  in  time  with 
lit  of  tbe  ovaries  in  the  female*  As  the  ovaries  enlarge  and  the 
teggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
^ze,  as  the  season  of  reproduction  approaches,  and  become  turgid 
with  spermatozoa.  The  accessory  organs  of  generation^  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  become 
increased  in  vascularity  and  ready  to  perform  their  part  in  the 
^^pr od  ucti  ve  f un  ction. 

f^In  the  fish,  for  example,  where  the  testicles  occupy  the  same 

Hpsition  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  these 

iPpdies  enlarge,  become  distended  with  their  contents,  and  project 

iBto  the  peritoneal  cavity.     Each  of  the  two  sexes  is  then  at  the 

Kne  time  under  the  influence  of  a  corresponding  excitement  The 
usual  development  of  the  generative  organs  reacts  upon  tbe  entire 
system,  and  produces  a  state  of  pecnUar  activity  and  excitability^ 
known  as  the  condition  of  "  erethism."  The  female,  distended  with 
^gs,  feels  the  impulse  which  leads  to  their  expulsion;  while  the 
i^ale,  bearing  the  %v^eight  of  the  enlarged  testicles  and  the  accumu- 
3n  of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
ation  to  the  discharge  of  the  spermatic  fluid.  The  two  sexes, 
jrdingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
sitmitions.  The  female  deposits  her  eggs  in  some  spot  favorable 
^, the  protection  and  development  of  the  young;  after  which  the 
le,  apparently  attracted  and  stimulated  by  tbe  sight  of  the  new- 
id  eggs,  discharges  the  spermatic  fluid  upon  them,  and  their 
ppregnation  is  accomplished, 

,  In  such  instances  as  the  above,  where  the  male  and  female  gene- 
ive  products  are  discharged  separately  by  the  two  sexes,  the 
guhsequent  contact  of  the  eggs  \\ith  the  spermatic  fluid  Would  seem 
to  be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
,  and  their  impregnation,  therefore,  often  liable  to  fail.  In 
if  Gictj  however,  the  simultaneous  functional  excitement  of 
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the  two  sexes  and  the  operation  of  corresponding  instiDcts,  leadmg 
thAo  to  ascend  the  Barne  rivera  and  to  frequent  ihe  same  b\^U, 
pruvide  with  sufficient  certaintj  fur  the  impregnation  of  the  egg»* 
In  these  animals,  also,  the  number  of  egg3  produced  by  the  (emak 
is  very  large,  the  ovaries  being  often  so  distended  as  to  fill  nearly 
the  whole  of  the  abdominal  cavity ;  so  that,  although  many  of  tbe 
eggs  may  be  accideutally  lost,  a  sufficient  number  will  still  be  im- 
pregnated and  developed,  to  provide  for  the  continuation  of*tb« 
species- 

In  other  instances,  an  actual  contact  takes  place  between  tbt 
sexes  at  the  time  of  reproduction.  In  the  frog,  for  example,  ik 
male  fastens  himaelf  upon  the  back  of  tbe  female  by  the  anterior 
extremities,  which  seem  to  retain  their  hold  by  a.kind  of  spastnodtc 
contraction.  This  continues  for  one  or  two  days,  during  wbkli 
time  the  mature  eggs,  which  have  been  discharged  from  the  orvj, 
are  passing  downward  through  the  oviducts.  At  last  they  are€(S* 
pelled  from  the  anus,  while  at  the  same  time  tbe  seminal  floid  ot 
the  male  is  discharged  upon  them,  and  impregnation  takes  place. 

lo  the  higher  classes  of  animals,  however,  and  in  nmn,  when^tbe 
egg  is  to  be  retained  in  the  body  of  the  female  parent  during  itt 
development,  the  spermatic  fluid  is  introduced  into  the  fem&lt 
generative  passages  by  sexual  congress,  and  meets  the  egg  al  or 
soon  after  its  discharge  from  the  ovary.  The  same  correspondeoee; 
however,  between  the  periods  of  sexual  excitement  in  the  malt?  and 
female,  in  visible  in  many  of  these  animals,  as  well  as  in  fish  wi 
reptiles.  This  is  the  case  in  most  species  which  produce  young  bol 
once  a  year,  and  at  a  fixed  period,  as  the  deer  and  the  wiW  hog.  It 
other  species,  on  the  contrary,  such  as  the  dog,  as  well  a^^  the  rebbi^^ 
the  guinea  pig,  &c.,  where  several  broods  of  young  are  prodnoedH 
during  the  year,  or  where,  as  in  the  human  subject,  the  generitiT» 
epochs  of  the  female  recur  at  short  intervals,  so  that  the  particakr 
period  of  impregnation  is  comparatively  indefinite,  the  generatin 
apparatus  of  the  male  is  ahnost  constantly  in  a  stale  of  full  def^ 
lopment;  and  is  excited  to  action  at  particular  period^  apparent)/ 
by  some  influence  derived  from  the  condition  of  the  female. 

In  the  quadrupeds^  accordingly,  and  in  the  human  Bpeciei,  tii 
contact  of  the  sperm  with  the  egg  and  the  fecundation  of  th€  liOer 
take  place  in  the  generative  passages  of  the  female;  •  '^ 
uterus,  the  Fallopian  tuljes,  or  even  upon  the  surface  u.  :..,  _  .ir?d 
in  each  of  which  situations  the  sjiermatozoa  have  been  fonod,  i 
the  accomplishment  of  sexual  intercourse. 
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>>f   PERIODICAL  OVULATION,   AND   THE   FUNCTION 
OF  MENSTRUATIO 


L  PERIODICAL  OVULATION. 

We  have  already  spoken  m  general  terms  of  the  periodical  ripen- 
ing of  the  eggs  and  their  diischarge  frora  the  generative  organs  of 
the  female*  This  function  is  known  by  the  name  of  "ovulation," 
and  may  be  considered  as  the  primary  and  most  important  act  in 
tbe  process  of  reproduction*  We  shall,  therefore,  enter  more  fully 
into  the  consideration  of  certain  particulars  in  regard  to  it,  by 
which  its  nature  and  conditions  may  be  more  clearly  understood. 

1st  £ggs  ejust  originally  in  the  ovaries  of  all  animals^  as  jiari  of 
their  natural  structure.  In  describing  the  ovaries  of  fish  and  reptiles 
we  Lave  said  that  they  consist  of  nothing  more  than  Graafian  vesi- 
cle^ each  vesicle  containing  an  egg>  and  united  with  the  others  by 
loose  areolar  tissue  and  a  peritoneal  investment  In  the  higher 
animals  and  in  the  human  subject,  the  essential  constitution  of  the 
ovary  is  the  same ;  only  its  fibrous  tissue  is  more  abundant^  so  that 
ihe  texture  of  the  entire  organ  is  more  dense,  and  its  figure  more 
compact  In  all  classes,  liowever.  without  exception,  the  interior 
of  each  Graafian  vesicle  is  occupied  by  an  egg ;  and  it  is  from  this 
egg  that  tbe  young  offspring  is  afterward  produced. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
diSerent  in  the  oviparous  and  the  viviparous  animals.  In  the  ovipa- 
rous classes,  such  as  most  fish^  and  all  reptiles  and  birds,  the  young 
animal  was  well  known  to  be  formed  from  an  egg  produced  by  the 
female;  while  in  the  viviparous  animals,  or  those  which  bring 
forth  their  young  alive^  such  as  the  quadrupeds  and  the  human 
^Up^i^^i  the  embryo  was  supposed  to  originate  in  the  body  of  the 
^Wfemale,  by  some  altogether  peculiar  and  mysterious  process,  in 
I  consequence  of  sexual  intercourse.  As  soon,  however,  as  the 
I    microscope  began  to  be  used  in  the  examination  of  the  tissues, 
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the  ovaries  of  quadrupeds  were  also  foiand  to  contain  eggs. 
eggs  bad  previously  escaped  observation  on  account  of  their  simple 
structure  and  minute  size ;  but  they  were  nevertheless  fontd  to 
possess  all  the  most  essential  characters  belonging  to  the  hs^ 
eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction^  between  the 
two  classes,  is  therefore  merely  an  apparent,  not  a  fundamental  oiie.1 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  female 
before  or  immediately  after  impregnation,  and  the  embryo  is  suliptf- 
quently  developed  and  hatched  externally.     In  the  quadrupeds  md  j 
the  human  species,  on  the  other  hand,  the  egg  is  retain<»d  withiafl 
tbe  body  of  the  female  until  the  embryo  is  developed ;  when  tk  ^ 
membranes  are  ruptured  and  the  young  expelled  at  the  same  time. 
In  all  classes,  however,  viviparous  as  well  as  oviparoos,  the  yoang 
-is  produced  equally  from  an  egg;  and  in  all  classes  tbe  egg,  80a»*     | 
times  larger  and  some tim  es  smaller,  but  always  consisting  esaentiaHy 
of  a  vitellus  and  a  vitelline  membrane,  is  contained  originally  in     ' 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimated,  an  ini 
part  of  the  ovarian  tissue.  It  may  be  found  there  long  befoi 
generative  function  is  established,  and  during  the  earliest  pcriodii 
of  life.  It  may  be  found  without  difficulty  in  the  newly 
female  infant,  and  may  even  be  detected  in  the  foetus  before 
Its  growth  and  notrition,  also,  are  provided  for  in  the  sacMlliD* 
ncr  with  that  of  otber  jwrtions  of  the  bodily  structure. 

2d*  These  et/gs  become  more  fully  developed  at  a  certain  a^,  ti-^n 
tfie  generative  function  i^  about  to  be  established.  During  ibe  earlj 
periods  of  life,  the  ovaries  and  their  contents,  like  many  other 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  u 
yet  inactive,  and  incapable  of  performing  any  funetioo*  In  tke 
young  chick,  for  example,  the  ovary  is  of  small  size ;  and  tlie  cggi 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitellos  wkMi 
they  afterward  exhibit,  are  minute,  transparent,  and  oolorlee&  In 
the  young  quadrupeds,  and  in  the  human  female  daring  tn&Mj 
and  childhood,  the  ovaries  are  equally  inactive.  They  ana  fioiA&, 
friable,  and  of  a  nearly  homogeneous  appearance  to  the  naked  wfti 
presenting  none  of  the  enlarged  follicles,  filled  with  tnui^«rcoi 
fluid,  which  are  afterward  so  readily  distinguished.  At  this  mm. 
accordingly,  the  female  is  incapable  of  bearing  young,  because  Ik 
ovaries  are  inactive,  and  tbe  eggs  which  they  contain  immatiiwv 

At  a  certain  period,  however,  which  varies  in  the  time  of  fti 
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oocurrencc  for  different  species  of  animals,  the  serual  apparatus 
begins  to  enter  upon  a  state  of  activity.  The  ovaries  increase  in 
^^dze,  and  their  eirculation  becomes  more  active.  The  eggs,  alao^ 
^Bbstead  of  remaining  quiescent,  take  on  a  rapid  growth^  and  the 
^Htracture  of  the  vitellus  is  completed  bj  the  abundant  deposit  of 
^oleaginous  granules  in  its  interior.  Arrived  at  this  state,  the  eggs 
are  ready  for  impregnation,  and  the  female  becomes  capable  of 
bearing  young.  She  is  then  said  to  have  arrived  at  the  state  of 
■W  puberty/'  or  that  condition  in  which  the  generative  organs  are 
pWilly  developed-  This  condition  is  accompanied  by  a  visible 
I  alteration  in  the  system  at  large,  which  indicates  the  complete 
development  of  the  entire  organism.  In  many  birds,  for  example, 
^^ho  plumage  assumes  at  this  period  more  varied  and  brilliant 
^ftolors;  and  in  the  common  fowl  the  comb,  or  "crest/'  enlarges 
^ftnd  becomes  red  and  vascular.  In  the  American  deer  (Cervua 
^■^irginianus)^  the  coat,  which  during  the  first  year  is  mottled  with 
^■irhite,  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
tinge.  In  nearly  all  species,  the  limbs  become  more  compact  and 
the  body  more  rounded ;  and  the  whole  external  appearance  is  so 
altered,  as  to  indicate  that  the  animal  has  arrived  at  the  perioil  of 
puberty,  and  is  capable  of  reproduction, 

8d.  Success iv€  crops  of  tggs^  in  the  adult  female ^  ripen  and  are 
harged  independ^nthj  of  sexual  intercourse.  It  was  formerly  sup- 
.1,  as  we  have  mentioned  above,  that  in  the  viviparous  animals 
ie  germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
uence  of  sexual  intercourse.  Even  after  the  important  fact 
became  known  that  eggs  exist  originally  in  the  ovaries  of  these 
imals,  and  are  only  fecundated  by  the  influence  of  the  sperm- 
fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
tercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
and  that  the  rupture  of  a  Graafian  vesicle  in  this  organ  was  a 
certain  indication  that  coitus  had  taken  place, 
i  This  opinion,  however,  w*as  altogether  unfounded.  We  already 
[  know  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
H^vary,  but  are  actually  discharged  from  the  body  of  the  female 
^^(rhile  still  unimpregnated,  and  only  subsequently  come  in  contact 
with  the  spermatic  fluid.  In  fowls,  also,  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment^  without  the  presence  of  the  cock; 
only  these  eggs,  being  unimpregnated,  are  incapable  of  producing 
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chicks.     In  oviparous  animals,  therefore^  the  dischargQ  of  the 
as  well  us  its  furinatioii,  h  iadepeodent  of  sexual  ialercoursd. 

ContiQued  observation  showa  this  to  be  the  caae^  alao^  in  tke 
viviparous  quadrupeds.  The  researches  of  Bi^cho^  Poucbel,  and 
Coste  have  demoostated  that  in  the  sheep,  the  pig,  the  bitch,  tiw 
rabbit,  &c^  if  the  female  be  carefully  kept  from  the  male  until  after 
the  period  of  puberty  is  established,  and  then  killed,  examinitioQ 
of  the  ovaries  will  show  that  Graafian  vesicles  have  matured*  rap- 
tured, and  discharged  their  eggs,  in  the  same  manner  as  thougk 
sexual  intercourse  had  taken  place.  Sometimes  the  vesicles  am 
found  distended  and  prominent  upon  the  surface  of  the  ovanr; 
sometimes  recently  ruptured  and  collapsed;  and  sometimes  in  vari- 
ous stages  of  cicatrization  and  atrophy.  BischofC*  in  several  in- 
stances of  thiii  kind|  actually  found  the  uniuipregnated  eggB  in  tl>« 
oviduct,  on  their  way  to  the  cavity  of  the  uterus.  In  those  animili 
in  which  the  ripening  of  the  eggs  takes  place  at  short  iaterv«Is»  a% 
for  example,  the  sheep,  the  pig,  and  the  cow,  it  is  very  rare  to  e» 
mine  the  ovaries  in  any  instance  where  traces  of  a  more  or  im 
recent  rupture  of  the  Graafian  follicles  are  not  distinctly  visible 

One  of  the  most  important  facts,  derived  from  the  examioatiaii 
of  such  cases  as  the  above,  is  that  the  ovarian  eggs  be(x»me  devc* 
loped  and  are  discharged  in  successive  crops,  which  {plloir  nitk 
other  regularly  at  periodical  intervals^  If  we  examine  the  ovary 
of  the  fowl,  for  example  (Fig.  180),  we  see  at  a  glance  how  iUo  ^gp 
grow  and  ripen,  one  ailer  the  other,  like  fruit  upon  a  vine.  In  this 
instance,  the  process  of  evolution  is  very  rapid ;  and  it  is  MSf  la 
distinguish,  at  the  same  time,  eggs  which  are  almost  microacopic  in 
size,  colorless,  and  tran^sparent ;  those  which  are  larger,  firn^ 
somew^hat  opaline,  and  yellowish  in  hue;  and  finally  tbo^  wl|j^^| 
are  fully  developed,  opaque,  of  a  deep  orange  color,  and  jusi  read/ 
to  leave  the  ovary. 

It  will  be  observed  that  in  this  instance  the  dilTerenoe  between 
the  undeveloped  and  the  mature  eggs  consists  principally  in  tht 
size  of  the  vitellus,  which  is  furthermore,  for  reasons  prerioiisly 
given  (Chap,  IIL)*  very  much  larger  than  in  the  quadrupeds.  U 
is  also  seen  that  it  is  the  increased  size  of  the  vitelltia  alooia  bf 
which  the  ovarian  follicle  is  distended  and  ruptured^  and  the  egg 
finally  discharged. 

*  Mi'ronire  but  la  cliate  periodiqne  d«  rceuf,  kc^  Anoal^fl  dum  Scieaee*  Nilitiifli% 

Ao^t— Septembns,  1844. 
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In  tbe  human  species  and  the  quadrupeds,  on  the  other  hand, 

[the  microscopic  egg  never  becoinea  large  enough  to  distend  the 

blUcle  by  its  own  size.     The  rupture  of  the  follicle  and  the  libera- 

lion  of  the  egg  are  accordingly  provided  for,  in  these  instances,  by 

totally  different  mechanism. 

lu  the  e-arlier  periods  of  life,  in  man  and  the  higher  animals,  the 

;g  is  contained  in  a  Graafian  follicle  which  clotiely  embraces  its 

terior,  and  is  consequently  hardly  larger  than  the  egg  itself.    As 

rty  approaches,  those  follicleB  which  are  situated  near  the  free 

e  of  the  ovary  become  enlarged  by  the  accumulation  of  a 

lorless  serous  fluid  in  their  cavity.     We  then  find  that  the  ovary, 

when  cut  open,  shows  a  considerable  number  of  globular,  transpa- 

ent  vesicles,  readily  perceptible  by  the  eye,  the  smaller  of  which 

e  deep  seated,  but  which  increase  in  size  as  they  approach  tlie 

surface  of  the  organ.     These  vesicles  are  the  Graafian  follicles, 

hich,  in  consequence  of  the  advancing  maturity  of  the  eggs  con- 

ined  in  them^  gradually  enlarge  as  the  period  of  generation  ftp- 

proaches. 

The  Graafian  follicle  at  this  time  consists  of  a  closed  globular 
^fiac  or  vehicle,  the  external  wall  of  which,  though  quite  translucent* 
^has  a  fibrous  texture  under  the  microscope  and  is  well  supplied 
^Brith  blood  vessels.  This  fibrous  and  vascular  wall  is  distinguished 
^^j  the  name  of  the  **  membrane  of  the  vesicle/'  It  is  not  very 
firm  in  texture,  and  if  roughly  handled  is  easily  ruptured. 

The  membrane  of  the  vesicle  is  lined  throughout  by  a  thin  layer 
f  minute  granular  cells,  which  form  for  it  a  kind  of  epithelium, 
ilar  to  the  epithelium  of  the  pleura,  pericardium,  and  other 
us  membranes.     Tliis  layer  is  termed  the  ryiembrana  ffranuhsa, 
adheres  but  slightly  to  the  membrane  of  the  vesicle,  and  may 
ily  t>e  detached  by  careless  manipulation  before  the  vesicle  is 
med,  being  then  mingled,  in  the  form  of  light  flakes  and  shredsy 
th  the  serous  fluid  contained  in  the  vesicle. 
At  the  most  superficial    part   of  the   Graafian  follicle,  or  that 
hich  is  nearest  the  surface  of  the  ovary,  the  membraua  granulosa 
thicker  than  elsewhere.     Its   cells  are  here  accumulated,  in  a 
nd  of  mound  or  "heap,^'  which  has  received  the  name  of  the 
nntlus  proUgeriis.     It  is  sometimes  called  the  discvs  proliQerus, 
use  the  thickened  mass,  when  viewed  from  above,  has  a  some- 
hat  circular  or  disk-like  form.     In  the  centre  of  this  thickened 
rtion  of  the  membrana  granulosa  the  egg  is  imbedded.     It  is 
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accordingly  always  situated  at  the  most  superficial  portion  of  Ae 
follicle,  and  advances  in  this  way  toward  the  surface  of  the  ovarj. 
As  the  period  approaches  at  which  the  egg  is  destined  to  be  dis* 
charged,  the  Graafian  follicle  becomes  more  vascular,  and  enlarged 
by  an  increased  exudation  of  serum  into  its  cavity.     It  then  begins 

Fig.  185. 


Graafta.^  Fotirctf,  n»rth4«  period  or  ruptnre. — a.  ]fembno«  of  tb*  tmIcIiw  ftv  % 
(rftaalosa.  e,  Caritj  ^rfulUcle,  d.  Egg.  e.  Peritoaeam.  /.  f  ttaics  lUbnglkc*  p,  f. 
the  oTKf. 

to  project  from  the  surface  of  the  ovary,  still  covered  by  the  albu- 
gineoua  tunic  and  the  peritoneum.  (Fig.  185*)  The  constant  aocu- 
mulation  of  fluid,  however,  in  the  follicle,  exerts  such  a  steady  mi 
increasing  pressure  from  within  outward,  that  the  albugineous  tome 
and  the  peritoneum  successively  yield  before  it;  until  the  Graafian 
follicle  protrudes  from  the  ovary  as  a  tense,  rounded,  tranidueeol 

vesicle,  in  which  the  sense  of 
^*^*  ^^^*  fluctuation  can  be  readily  per* 

ceived  on  applying  the  fingeflj 
to  its  surface.    Finally^  the  pro-  ] 
cess  of  effusion  and  distensioo 
still  going  on,  the  wall  of  tho 
vesicle  yields  at  its  most  prozai*  ^ 
nent  portion,  the  contained  fluid  fl 
is  driven  out  with  a  ga&h,  by  tlw 
reaction  and    elasticity   of  tlic 
neighboring  ovarian  ti^ues,cir- 
rying  with  it  the  egg,  atil!  m- 
tangled  in  the  cells  of  the  pro- 
ligerous  disk. 

The  rupture  of  the  Oraa&i 
vesicle  is  accompanied,  in  some  instances,  by  an  abundant  bemor*  I 


x 
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which  takes  place  from  the  internal  surface  of  the  coDgested 
follicle,  aod  by  which  its  cavity  is  filled  with  blood.  This  occurs 
in  the  human  subject  and  in  the  pig,  and  to  a  certain  extent,  also,  in 
other  of  the  lower  animals.  Sometimei?,  as  in  the  cow,  where  no 
hemorrhage  takes  place,  the  Graafian  vesicle  when  ruptured 
simply  collapses ;  after  which  a  slight  exudation,  more  or  less  tinged 
with  bloody  is  poured  out  during  the  course  of  a  few  hours. 

Notwithstanding,  however,  these  slight  variations,  the  expulsion 
of  the  egg  takes  place,  in  the  higher  animals,  always  in  the  manner 
kbove  described,  viz.,  by  the  accumulation  of  serous  fluid  in  the 
,vity  of  the  Graafian  follicle,  by  which  its  walls  are  gradually  dis- 
tended and  finally  ruptured. 

Tbis  process  takes  place  in  one  or  more  Graafian  follicles  at  a 
time,  according  to  the  number  of  young  which  the  animal  produces 
at  a  birth.  In  the  bitch  and  the  sow,  where  each  litter  consists  of 
from  six  to  twenty  young  ones,  a  similar  number  of  eggs  ripen  and 
are  discharged  at  each  period.  In  the  mare,  in  the  cow,  and  in  the 
human  female,  where  there  is  usually  but  one  foetus  at  a  birth,  the 
gs  are  matured  singly,  and  the  Graafian  vesicles  ruptured,  one 

r  another,  at  successive  periods  of  ovulation, 
4th.  The  ripening  and  dmharge  of  the  egg  are  accompanied  by  a 
cuUar  condition  of  the  entire  si/stcm,  knoum  as  the  ^'rtittingi'^  condi- 
r  **  o^truation.^^  The  peculiar  congestion  and  functional 
ivity  of  the  ovaries  at  each  perii>d  of  ovulation,  act  by  sympathy 
ipon  the  other  generative  organs  and  produce  in  them  a  greater  or 
degree  of  excitement,  according  to  the  particular  species  of  ani- 
al.  Almost  always  there  is  a  certain  amount  of  congestion  of  the 
entire  generative  apparatus;  Fallopian  tabes,  uterus,  vagina,  and 
ternal  organs.  The  secretions  of  the  vagina  and  neighboring 
Is  are  more  particularly  affected,  being  usually  increased  in  quan- 
;ty  and  at  the  same  time  altered  in  quality.  In  the  bitch,  the 
Bginal  mucous  membrane  becomes  red  and  tumefied,  and  pours 
t  an  abundant  secretion  which  is  often  more  or  less  tinged  with 
ood.  The  secretions  acquire  also  at  this  time  a  peculiar  odor, 
hich  appears  to  attract  the  male,  and  to  excite  in  him  the  sexual 
pulse.  An  unusual  tumefaction  and  redness  of  the  vagina  and 
vulva  are  also  very  perceptible  in  the  rabbit ;  and  in  some  species 
of  apes  it  has  been  observed  that  these  periods  are  accompanied 
not  only  by  a  bloody  discharge  from  the  vulva,  but  also  by  an  en- 
jorgement  and  infiltration  of  the  neighboring  parts,  extending  even 
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to  the  skitt  of  the  buttocks,  the  thighs,  and  the  under  part  of  tbt  ] 
tail' 

The  system  at  large  is  also  visibly  affected  by  the  prooes»  goia|  j 
on  in  the  ovary.  In  the  cow,  for  example,  the  approach  of  m\ 
oestrwal  period  is  marked  by  an  unusual  restlessness  and  agiuUioo. 
easily  recognized  by  an  ordinary  observer.  The  animal  partmll/j 
loses  her  appetite.  She  frequently  stops  browsing,  looks  about  nn-j 
easily,  perhaps  runs  from  one  side  of  the  field  to  the  other,  aad  theaj 
recommences  feeding,  to  be  disturbed  again  in  a  similar  manner  I 
after  a  short  interval  Her  motions  are  rapid  and  nervous^  and  her  j 
hide  often  rough  and  disordered ;  and  the  whole  a^ect  of  the  ati^4 
mal  indicates  the  presence  of  some  unusual  excitement  After  thi^l 
condition  is  fully  established,  the  vaginal  secretions  sbow  ihem- 
selves  in  unusual  abundance,  and  so  continue  for  one  or  two  diys;  j 
after  which  the  symptoms,  both  local  and  general,  subside  eponto*  i 
neously,  and  the  animal  returns  to  her  usual  condition. 

It  is  a  remarkable  fact^  in  this  connection,  that  the  female  <rf 
these  animals  will  allow  the  approaches  of  the  male  only  daring  usA  j 
immediately  after  the  cestrual  period;  that  is,  just  when  the  Cj^gUl 
recently  discharged,  and  ready  for  impregnation.  At  other  tioMf^l 
when  sexual  intercourse  would  be  necessarily  fruitless,  the  instioQli 
of  the  animal  leads  her  to  avoid  it;  and  the  concourse  of  tl 
is  accordingly  made  to  correspond  in  time  with  the  maturity. 
egg  and  its  aptitude  for  fecundation. 

n.  MENSTRUATION. 

In  the  human  female,.thc  return  of  the  period  of  ovulatioa  \i\ 
marked  by  a  peculiar  group  of  phenomena  which  are  knoMm  u 
memtruatioUf  and  which  are  of  sufficient  importance  to  be  dee»:Tribed  i 
by  themselves. 

During  infancy  and  childhood  the  sexual  system,  an 
mentioned  above,  is  inactive.     No  discharge  of  eggs  tak*  ^ 
from  the  ovaries,  and   no  external    phenomena  show  theiD^V6^J 
connected  with  the  reproductive  function. 

At  the  age  of  fourteen  or  fifteen  years^  however,  a  change  begin 
to  manifest  itself.     The  limbs  become  rounder,  the  breaals  itici^iMl 
in  size,  and  the  entire  aspect  undergoes  a  peculiar  alteration^  wbirh 
indicates  the  approaching  condition  of  maturity.      At   the  MnM, 
time  a  discbarge  of  blood  takes  place  from  the  geqerative  paiMflgta^  \ 

*  Potioh^i,  Tli^ri«  positive  de  FoTuIation,  Ac.     Paiia,  lg47,  p.  230. 
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accompanied  by  some  disturbance  of  the  general  system,  and  tha 
female  is  then  known  to  have  arrived  at  the  period  of  puberty. 

Afterward,  the  bloody  discharge  just  spoken  of  returns  at  regular 
intervals  of  four  weeks;  and,  on  account  of  this  recurrence  corres- 
ponding with  the  passage  of  successive  lunar  months,  its  phenomena 
are  designated  by  the  name  of  the  "menses'^  or  the  "menstrual 
periods."  The  menses  return  with  regularity,  from  the  time  of 
their  first  appearance,  unti-1  the  age  of  about  forty- five  years. 
During  this  period,  the  female  is  capable  of  bearing  children,  and 
sexual  intercourse  is  liable  to  be  followed  by  pregnancy.  After 
the  forty-fifth  year,  the  periods  first  become  irregular,  and  then 
cease  altogether ;  and  their  final  disappearance  is  an  indication  that 
the  woman  is  no  longer  fertile,  and  that  pregnancy  cannot  again 
take  place. 

Even  during  the  period  above  referred  to,  from  the  age  of  fifteen 
to  forty-five,  the  regularity  and  completeness  of  the  menstrual 
periods  indicate  to  a  great  extent  the  aptitude  of  individual  females 
for  impregnation.  It  is  well  known  that  all  those  causes  of  ill 
health  which  derange  menstruation  are  apt  at*  the  same  time  to 
interfere  with  pregnancy ;  so  that  women  whose  menses  are  habi- 
tually regular  and  natural  are  much  more  likely  to  become  preg- 
nant, after  sexual  intercourse,  than  those  in  whom  the  periods  are 
absent  or  irregular. 

If  pregnancy  happen  to  take  place,  however,  at  any  time  during 
ibe  child-bearing  periotl,  the  menses  are  suspended  during  the  con- 
tinuance of  gestation,  and  usually  remain  absent,  after  delivery,  as 
long  as  the  woman  continues  to  nurse  her  chiltl.  They  then  re- 
commence, and  subsequently  continue  to  appear  as  before. 

The  menstrual  discbarge  consists  of  an  abundant  secretion  of 
mucus  mingled  with  blood.     When  the  expected  period  is  about 
to  come  on,  the  female  is  affected  with  a  certain  degree  of  discomfort 
and  lassitude,  a  sense  of  weight  in  the  pelvis,  and  more  or  less  dis- 
inclination to  society.    These  symptoms  are  in  some  instances 
ulightly  pronouneed,  in  others   more   troublesome.     An  unusual 
discharge  of  vaginal  mucus  then  begins  to  take  place,  which  soon 
becomes  yellowish  or  rusty  brown  in  color,  from  the  admixture  of 
a  certain  profvortion  of  bhxKl;  and  by  the  second  or  third  day  i' 
discharge  h*'is  the  appearance  of  nearly  pure  blood.    The  un|»1eri 
sensations  which  were  at  first  manifest  then  usually  subsi^ 
the  discharge,  after  continuing  for  a  certain  period,  begins  t 
more  scanty.    Its  color  changes  from  a  pure  red  to  a  browi,.. 
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rustj  tinge,  until  it  finally  disappears  altogether,  and  th^e  fie 
returns  to  her  ordinary  condition. 

The  menstrual  epochs  of  the  human  fenmle  correspood  with 
periods  of  cestruation  in  the  lower  animals  Their  general 
blance  to  these  periods  is  too  evident  to  require  demooatmkiL' 
Like  them,  they  are  absent  in  the  immature  feniale;  aod  heffn 
to  take  place  only  at  the  period  of  puberty^  when  the  aptitude  (or 
impregnation  commences.  Like  them,  they  recur  during  the  child- 
bearing  period  at  regular  intervals;  and  are  liable  to  tlie  »me 
interruption  by  pregnancy  and  lactation.  Finally,  their  diiappear- 
ance  corresponds  with  the  cessation  of  fertility. 

The  periods  of  osstruation,  furthermore,  in  many  of  tlie  hwet 
animals,  are  accompanied,  as  we  have  already  seen,  with  an  Qnmtiil 
discharge  from  the  generative  passages ;  and  this  discharge  is  fie- 
quently  more  or  le?s  tinged  with  blood.  In  the  human  female  tk 
bloody  discharge  is  more  abundant  than  in  other  instaaeefi^  built 
is  evidently  a  phenomenon  differing  only  in  degree  from  that  whidi 
shows  itself  in  many  species  of  animals. 

The  most  complete  evidence,  however,  that  the  period  of  mm- 
Btruatioa  is  in  reality  that  of  ovulation,  is  derived  from  the  remits 
of  direct  observation,  A  sufficient  number  of  instances  have  now 
been  observed  to  show  that  at  the  menstrual  epoch  a  Ghrm?!!!^" 
vesicle  becomes  enlarged,  ruptures,  and  discharges  its  egg»  Cru  *  , 
shauk*  noticed  such  a  case  so  long  ago  as  1797.  Negrier*  reUte^H 
two  instances,  communicated  to  him  by  Dr*  Ollivier  d^Angem  ia™ 
which,  after  sudden  death  during  menstruation,  a  bloody  and  mp^ 
tured  Graafian  vesicle  was  found  in  the  ovary,  Bischoff*  sp^ibiif 
four  similar  cases  in  his  own  observation,  in  three  of  which  ik 
vesicle  was  just  ruptured,  and  in  the  fourth  distended,  piv>miiioBC» 
and  ready  to  burst.  Coste^  has  met  with  several  of  the  suae  IdaiL 
iDr.  MicheP  found  a  vesicle  ruptured  and  filled  with  blood  ia  a 
woman  who  was  executed  for  murder  wblta  the  menses  were'prt- 
sent.  We  have  also*^  met  with  the  same  appearance  in  a  case  ^ 
death  from  acute  disease,  on  the  second  day  of  menstruauocu 


<  Londott  PhUosopbio&l  TrausaotioQi,  1797,  p.  135. 

*  E^oharchen  eur  W  Ovairei,  Paris,  1840,  p.  78. 

*  Au  Dales  det  Sciences  Natiir(»1t4»9,  AtiguBtf  1844^ 

*  Histoire  du  Derelrtppement  dea  Corpa  Organ  lite,  Pariti  IftiT^  twL  L  fi.  251. 

*  Am.  Joam.  Med.  8oi,,  Jul/.  1B48* 

'  Corpus  Luleum  of  M^QntruaUoD  and  Fj^gn^nc/p  la  Trtiiaacikifii  ut  IrMrH 
Medical  Aasoofatioti,  Philadelphta,  1851. 
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The  process  of  ovulation,  accordingly,  in  the  human  female, 
ccompanies  and  forms  a  part  of  that  of  menstruation.  As  the 
Menstrual  period  comes  on,  a  congestion  takes  place  in  nearly  the 
whole  of  the  generative  apparatus;  in  the  Fallopian  tubes  and  the 
uterus,  as  well  as  in  the  ovaries  and  their  contents.  One  of  the 
Graafian  follicles  is  more  especially  the  seat  of  an  unusual  vascular 
excitement.  It  becomes  distended  by  the  fluid  which  accumulates 
in  its  cavity,  projects  from  the  surface  of  the  ovary,  and  is  finally 
raptured  in  the  same  manner  as  we  have  already  described  this 
process  taking  place  in  the  lower  animals. 

It  is  not  quite  certain  at  what  particular  period  of  the  menstrual 
flow  the  rupture  of  the  vesicle  and  discharge  of  the  egg  take  place. 
It  is  the  opinion  of  BischoflF,  Pouchet,  and  Kaciborski,  that  the 
regular  time  for  this  rupture  and  discharge  is  not  at  the  commence- 
xnent,  but  towards  the  termination  of  the  period,  Coste*  has  ascer- 
tained, from  his  observations,  that  the  vesicle  ruptures  sometimes 
in  the  early  part  of  the  menstrual  eprxih,  and  sometimes  later.  So 
far  as  we  can  learn,  therefore,  the  precise  period  of  the  discharge 
of  the  egg  is  not  invariable.  Like  the  menses  themselves,  it  may 
apparently  take  place  a  little  earlier,  or  a  little  later,  according  to 
various  accidental  circumstances;  but  it  always  occurs  at  some 
time  in  connection  with  the  menstrual  flow^  and  constitutes  the 
most  essential  and  important  part  of  the  catamenial  process* 

The  egg,  when  discharged  from  the  ovary,  enters  the  fimbriated 
extremity  of  the  Fallopian  tube,  and  commences  its  passage  toward 
the  uterus.  The  mechanism  by  which  it  finds  its  way  into  and 
through  the  Fallopian  tube  is  different,  in  the  quadrupeds  and  the 
human  species,  and  in  birds  and.  reptiles.  In  the  latter,  the  bulk 
the  egg  or  mass  of  eggs  discharged  is  so  great  as  to  fill  entirely 
lie  wide  extremity  of  the  oviduct,  and  they  are  afterward  conveyed 
downward  by  the  peristaltic  action  of  the  muscular  ooat  of  this 

aal.    In  the  higher  classes,  on  the  contrary,  the  egg  is  micro- 

>pic  in  size,  and  would  be  liable  to  be  lost,  were  there  not  some 
irther  provision  for  its  safety.     The  wide  extremity  of  the  Fallo- 

m  tube,  accordingly,  which  is  here  directed  toward  the  ovary,  is 

led  with  ciliated  epithelium;  and  the  movement  of  the  cilia, 
rhich  is  directed  from  the  ovary  toward  the  uterus,  produces  a 
kind  of  converging  stream,  or  vortex,  by  which  the  egg  is  neces- 
sarily drawn  toward  the  narrow  portion  of  the  tube,  dnd  subse- 
quently conducted  to  the  cavity  of  the  uterus. 

*  hoe  ml. 
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Accidental  causes,  however^  sometimes  disturb  this  regular  connt 
or  passage  of  the  egg.    The  egg  may  be  arrested,  for  esimple* 

the  surface  of  the  ovary,  and  so  fail  to  enter  the  tub©  at 
If  fecundated  in  this  situatioUi  it  will  then  give  riae  to  *'oi? 
pregnancy  "  It  may  escape  from  the  fimbriated  extremity  into  I 
peritoneal  cavity^  and  form  attachments  to  some  one  of  the 
boring  organs,  caitsiog  ''abdominal  pregnancy;*^  or  fiaalJy,  it  may 
stop  at  any  part  of  the  Fallopian  tube,  and  ao  give  origin  to  **  tubal 
pregnancy" 

The  egg,  immediately  upon  its  discbarge  from  the  ovary,  is  readj 
for  impregnation,     K  sexual  intercourse  happen  to  take  place  abo«|| 
that  time,  the  egg  and  the  spermatic  fluid  meet  in  some  part  of  tiel 
female  generative  passages,  and  fecundation  is  accomplished    III 
appears  from  various  observations  of  Bischoffi  Coste,  and  others^ 
that  this  contact  may  take  place  between  the  egg  and  the  sperm,  j 
either  in  the  uterus  or  any  part  of  the  Fallopian  tubes^  or  even  j 
upon  the  surface  of  the  ovary.     I^  on  the  other  hand,  coitus  do  not 
take  place,  the  egg  passes  down  to  the  uterus  un impregnated,  loeej 
its  vitality  after  a  short  time,  and  is  finally  carried  away  with  tk ' 
uterine  secretions. 

It  is  easily^ understood,  therefore,  why  sexual  intercouTBe  sbonUi 
be  more  liable  to  be  followed  by  pregnancy  when  it  oecum  abuuK 
the  menstrual  epoch  than  at  other  times.     This  fact^  which  was  long 
since  established  as  a  matter  of  observation  by  practical  obstetric 
ciansj  depends  simply  upon  the  coincidence  in  time  between  men* 
struation  and  the  discharge  of  the  egg*     Before  its  dischargiv  tbi , 
egg  is  immature,  and  unprepared  for  impregnation ;  and  after  tfca  I 
menstrual  period  has  passed^  it  gradually  loses  its  fresboes  asd 
vitality.     The  exact  length  of  time,  however,  preceding  and  fiollot' 
ing  the  menses,  during  which  impregnation  is  still  possible^  hats  oaI 
been  ascertained.     The  spermatic  fluid,  on  the  one  hand,  retains  id  I 
vitality  for  an  unknown  period  after  coition,  and  the  egg  Hot  H 
unknown  period  after  its  discharge.     Both  these  occurrences  m$h 
therefore,  either  precede  or  follow  each  other  within  certain  tiiBiCij 
and  impregnation  be  still  possible ;  but  the  precise  extent  of  ttoAJ 
limits  is  still  uncertain,  and  is  probably  more  or  less  variable  in  i 
diflferent  individuals. 

The  above  facts  indicate  also   the   true  explanation  of  cenaai  j 
exceptional  cases,  which  have  sometimes  been  observed,  in  which 
fertility  exists  without  menstruation.     Various  authors  (CharchilL 
Keid,  Vclpeau,  ic.)  have  related  instances  bf  fruitful  women  tn  wb«n 
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the  menses  were  very  scanty  and  irregular,  or  even  entirely  absent 
The  menstrual  flow  is,  in  fact,  only  the  external  sign  and  accompa- 
niment of  a  more  important  process  taking  place  within.  It  is 
habitually  scanty  in  some  individuals,  and  abundant  in  others. 
Such  variations  depend  upon  the  condition  of  vascular  activity  of 
the  system  at  large,  or  of  the  uterine  organs  in  particular;  and 
though  the  bloody  discharge  is  usually  an  index  of  the  general 
aptitude  of  these  organs  for  successful  impregnation,  it  is  not  an 
absolute  or  necessary  requisite.  Provided  a  mature  egg  be  dis- 
charged from  the  ovary  at  the  appointed  period,  menstruation  pro* 
perly  speaking  exists,  and  pregnancy  is  possible. 

The  blood  which  escapes  during  the  menstrual  flow  is  supplied 
by  the  uterine  mucous  membrane.     If  the  cavity  of  the  uterus  bo 
examined  after  death  during  menstruation,  its  interna!  surface  is 
seen  to  be  smeared  with  a  thickish  bloody  fluid,  which  may  bo 
traced  through  the  uterine  cervix  and  into  the  vagina.    The  Fallo- 
pian tubes  themselves  are  sometimes  found  excessively  congested, 
and  filled  with  a  similar  bloody  discharge.     The  menstrual  blood 
has  also  been  seen  to  exude  from  the  uterine  orifice  in  cases  of  pro- 
entia  uteri,  as  well  as  in  the  natural  condition  by  examination 
th  the  vaginal  speculum.     It  is  discharged  by  a  kind  of  capillary 
hemorrhage,  similar  to  that  wEich  takes  place  from  the  lungs  in 
cases  of  haemoptysis,  only  less  sudden  and  violent.     The  blood  does 
^oot  form  any  visible  coagulum,  owing  to  its  being  gradually  exuded 
^ftom  many  minute  points,  and  mingled  with  a  large  quantity  of 
^Bbucus.      When  poured  out,  however,  more  rapidly  or  in  larger 
^^uantity  than  usual,  as  in  cases  of  menorrhagii\,  the  menstrual  blood 
coagulates  in  the  same  manner  us  if  derived  from  any  other  source. 
The  hemorrhage  which  supplies  it  comes  from  the  Avhole  extent  of 
the  mucous  membrane  of  the  body  of  the  uterus,  and  is,  at  the  same 
time,  the  consequence  and  the  natural  termination  of  the  periodical 
congestion  of  the  parts. 


^^de 
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CHAPTER    VI, 

ON   THE   COEPUS   LITTEUM   OF  MENSTRUATION 
AND   PREGNANCY. 

After  the  rupture  of  the  Graafian  follicle  at  the  menstraal 
period,  a  bloody  cavity  is  leffc  in  the  ovary^  which  is  snbsequentlj 
obliterated  by  a  kind  of  grannlating  process^  samewhsit  similar  iaj 
character  to  the  healing  of  an  abscess.  For  the  Graafian  foil 
is  intended  simply  for  the  formation  and  groivth  of  the 
After  the  egg  therefore  has  arrived  at  maturity  and  lias  been  di-1 
charged,  the  Graafian  follicle  has  no  longer  any  function  to  per- 
form. It  then  only  remains  for  it  to  pass  through  a  process  of 
obliteration  and  atrophy,  as  an  organ  which  has  become  nadess 
and  obsolete.  While  undergoing  this  process,  the  Graafian  follicle 
is  at  one  time  converted  into  a  peculiar,  solid,  globular  body,  whicH 
is  called  the  corptis  hdeum;  a  name  given  to  it  on  acoouni  of  the 
yellow  color  which  it  acquires  at  a  certain  period  of  its  formatioo. 

We  shall  proceed  to  describe  the  corpus  luteura  in  the  hstotfL] 
species;   first,  as  it  follows   the  ordinary  course  of  developmeoi' 
after  menstruation ;  and  secondly^  as  it  is  modified  iti  ita  grovth 
and  appearance  during  the  existence  of  pregnancy* 


L   CORPUS  LUTKUM  OF  MENSTRUATION. 

We  have  already  described,  in  the  preceding  chapter,  the  : 
ner  in  which  a  Graafian  follicle,  at  each  menstrual  epocK  «welk 
protrudes  from  the  surface  of  the  ovary,  and  at  last  ruptones  aai  i 
discharges  its  egg.     At  the  moment  of  rupture,  or  itnroedtali^f  j 
after  it^  an  abundant  hemorrhage  takes  place  in  the  bumin  $uVf 
ject  from  the  vessels  of  the  follicle,  by  which  its  cavity  b  ITOoJ 
with  blood.      This  blood    coagulates  soon  after  its  exndatioc^  w 
it  would  d%  if  extra vasated  in  any  other  part  of  the  liodj,  mi 
the  coagulum  is  retained  in  the  interior  of  the  Graafian  foUkk 
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The  opening  by  whicb  the  egg  makes  its  escape  is  usually  not  an 
extensive  laceration,  but  a  minute  rounded  perforation,  often  not 
more  than  half  a  line  in  diameter.      A  small   probe,  intrixluced 
through  this  opening,  passes  directly  into  the 
cavity  of  the  follicle^     If  the  Graafian  follicle  P*®*  ^^?» 

be  opened  at  this  time  by  a  longitudinal  inci- 
sion (Fig,  187),  it  will  be  seen  to  form  a  globu- 
lar cavity,  one-half  to  three-quarters  of  an 
inch  in  diameter,  containing  a  soft,  recent, 
dark-colored  coagulura.  This  coagulum  has 
no  organic  connection  with  tlie  walls  of  the 
follicle,  but  lies  loose  in  its  cavity  and  may  be 

sily  turned  out  with  the  handle  of  a  knife. 
There  is  sometimes  a  slight  mechanical  adlxe- 
fiion  of  the  clot  to  the  eiiges  of  the  lacerated 
opening,  just  as  the  coagulum  in  a  recently 
igatured  artery  is  entangled  by  the  divided 
edges  of  the  internal  and  middle  coats;  but 
^ere  is  no  continuity  of  substance  between 
leni,  and  the  clot  may  be  everywhere  readily 
separated  by  careful  manipulation.    The  mem- 
brane of  the  vesicle  presents  at  this  time  a  smooth,  transparent^  and 
rascular  internal  surfiice,  without  any  alteration  of  color,  consistency, 
or  texture. 

An  important  change,  however,  soon  begins  to  take  place,  both 
in  the  central  coagulum  and  in  the  membrane  of  the  vesicle. 

The  clot»  which  is  at  first  large,  soft,  and  gelatinous,  like  any 

"other  mass  of  coagulated  blood,  begins  to  contract ;  and  the  serum 

separates  from  the  coaguluni   proper.     The  serum,  as  fast  as  it 

separates  from  the  coagulum,  is  absorbed  by  the  neighboring  parts; 

and  the  clot,  accordingly,  grows  every  day  smaller  and  denser  than 

before.     At  the  same  time  the  coloring  matter  of  the  blood  under- 

goes  the  changes  which  usually  take  place  in  it  after  extravasation, 

^bad  is  partially  reabsorbed  together  with  the  serum*     This  second 

^Khange  is  somewhat  less  rapid  than  the  former,  but  still  a  diminu- 

^Bion  of  color  is  very  perceptible  ia  the  clot,  at  the  expiration  of 

two  weeks. 

The  membrane  of  the  vesicle  during  this  time  ia  beginning  to 
undergo  a  process  of  hypertrophy  or  development,  by  which  it 
scomes  thickened  and  convoluted,  and  tends  partially  to  fill  up 
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the  cavity  of  the  follicle.    This  hypertrophy  amd  coovolulioa  of 
the  niernbrane  just  Darned  commences  and  prooeeda  loosi  rmfiSij 
at  the  deeper  part  of  the  fulliclo,  directly  oppo^to  the  siiutttimi  of 
the  superficial  rupture.     From  this  poiDt  the  membraae  gradually  I 
becomes  thinner  and  less  convoluted  as  it  approaches  the  aarimj 
of  the  ovary  and  the  edges  of  the  ruptured  orifice. 

At  the  end  of  three  weeks,  this  hypertrophy  of  the  xnembnuie  of 
the  vesicle  has  reached  its  maximum.  The  ruptured  Graafian  &l*  I 
Hele  has  now  become  so  completely  solidified  by  the  neir  growth 
above  described,  and  by  the  condensittion  of  its  clot,  that  il  receiTttl 
the  name  of  the  carpus  luteum.  It  forms  a  perceptible  prominwjot 
on  the  surface  of  the  ovary,  and  may  be  felt  between  the  fingi^n 
as  a  well-defined  rounded  tumor,  which  is  nearly  always  aameirbst 
flattened  from  side  to  side*     It  measures  about  three-quarters  of  aa 

inch  in   length  and   half  an  inch  ia 
depth.     On  ita  surface  may  be  Been  i  J 
minute   cicatrix   of   the    peritooouni^  < 
occupying  the  spot  of  the  original 
rupture. 

On  cutting  it  open  at  this  time  (Fig. 
188),  the  corpus  luteum  is  seen  toeoft* 
si  St.  as  above  described,  of  a  eentril 
coagulum  and  a  couvoluled  umlL 
The  coagulum  is  semi-trans|Mirent,  of 
a  gray  or  light  greenish  color,  more 
or  less  mottled  with  red.  The  con- 
voluted wall  is  about  one-eightb  of 
an  inch  thick  at  its  deepest  part,  and 
of  an  mdefinite  yellowish  or  ro«f 
hue,  not  very  different  in  tinge  from 
the  rest  of  the  ovarian  tissue.  The  convoluted  wall  and  the  coo* 
tained  clot  lie  simply  in  contact  with  each  other,  as  at  first,  v  ' 
any  intervening  membrane  or  other  organic  connection;  av 
may  still  be  readily  separated  from  each  other  by  the  handle  of  a 
knife  or  the  flattened  end  of  a  probe.  The  corpus  luteum  at  this 
time  may  also  be  stripped  out,  or  enucleated  entire,  from  the  orariaa 
tissue,  just  as  might  have  l^een  done  with  the  Graafian  follicle  ppj- 
viously  to  its  rupture.  When  enucleated  in  this  way,  the  oorp«i 
luteum  presents  itself  under  the  form  of  a  solid  globular  or  flit' 
tened  tumor,  with  convolutions  upon  it  somewhat  similar  in  A{> 
pearance  to  those  of  the  brain,  and  covered  with  the  Temami  of 
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i"he  arealar  tissue^  by  which  it  was  previously  ooanected  with  the 
substance  of  the  ovary. 

After  the  third  week  from  the  close  of  menstraation,  the  corpu« 
mteum  passen  into  a  retrograde  eoaditioQ.  It  diminishes  percept 
tibly  in  aiBe,  and  the  central  coagulura  con- 

mues  to  be  absorbed  and  loses  still  farther 
\  coloring  matter.  The  whole  body  under- 
a  process  of  partial  atrophy;  and  at 
^tho  end  of  the  fourth  week.it  is  not  more 
than  three-eighths  of  an  inch  in  its  longest 
diameter.  (Fig.  189.)  The  external  cicatrix 
may  still  usually  be  seen,  as  well  as  the 
point  where  the  central  coagulum  comes 
in  contact  with  the  peritoneum.  There  is 
still  no  organic  connection  between  the 
central  coagulura  and  the  convoluted  wall; 
but  the  partial  condensation  of  the  clot  and 
the  continued  folding  of  the  wall  prevent  the 

sparation  of  the  two  being  so  easily  accom- 

lished   as   before,  though  it  may  still   be 
effected  by  careful  mantigement.     The  entire  corpus  luteum  may 
also  still  be  extracted  from  its  bed  in  the  ovarian  tissue* 

The  color  of  the  convoluted  wall,  during  the  early  part  of  this 
retrograde  stage,  instead  of  fading  like  that  of  the  fibrinous  coaga> 
lam,  becomes  more  strongly  marked.  From  having  a  dull  yellowish 
or  rosy  hue,  as  at  first  it  gradually  as- 
sames  a  brighter  and  more  decided  yellow. 
This  change  of  color  in  the  convoluted 
wall  is  produced  in  consequence  of  a 
kind   of  fatty  degeneration  which  takes 

ftlace  in  its  texture ;  a  large  quantity  of  oil- 
llobules  being  deposited  in  it  at  this  time, 
may  bo  readily  recognized  under  the 

Horoscope.    At  the  end   of  the  fourth 

reek,  this  alteration  in  hue  is  complete; 

ad  the  outer  wall  of  the  corpus  luteum 
then  of  a  clear  chrome-yellow  color,  by 

rhich  it  is  readily  distinguished  from  all 
Ibe  neighboring  tissues. 

After  this  period,  the  process  of  atrophy 
and  degeneration  goes  on  rapidly.     The  clot  becomes  constantly 
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more  dense  and  Bhrlvelled,  and  is  soon  catiirerted  ioto  a  miflititib 
Btellata,  white,  or  reddish-whiie  cicatrix.  The  yellow  wall  beeocDfit 
softer  and  more  friable,  as  is  the  case  with  all  tissued  uadergoiag 
fatty  degeneration,  and  shows  less  distinctly  the  markiDg  of  iu 
convolutions.  At  the  same  time  its  surfaoes  become  confooiuied 
with  the  central  coaguluni  on  the  one  hand,  and  wilh  the  d^1i« 
boring  tissues  on  the  other,  so  that  it  is  no  longer  possible  to  separate 
them  (airly  from  each  other.  At  the  end  of  eight  or  nine  weeks 
(Fig.  190)  the  whole  body  is  reduced  to  the  condition  of  an  insignifi- 
cant, yellowish,  cieatrix-like  spot,  measuring  less  than  a  quarter  wf 
an  inch  in  its  longest  diameter,  in  which  the  original  texture  of  the 
corpus  luteum  can  be  recognized  only  by  the  peculiar  folding  a&d 
coloring  of  its  constituent  parts.  Subsequently  it»s  atrophy  goea  oo 
in  a  less  active  manner,  and  a  period  of  seven  or  eight  months 
times  elapses  before  its  final  and  complete  disappearance. 

The  corpus  luteum,  accordingly,  is  a  formation  which 
from  the  filling  up  and  obliteration  of  a  ruptured  Graafian  foUicl 
Under  ordinary  conditions,  a  corpus  luteum  is  produced  at  ev< 
menstrual  period;  and  notwithstanding  the  rapidity  with  which  it 
retrogrades  and  becomes  atrophied,  a  new  one  is  always  formed 
before  its  predecessor  has  completely  disappeared. 

When,  therefore,  we  examine  the  ovaries  of  a  healthy  female,  ill 
whom  the  menses  have  recurred  with  regularity  for  some  tiior 
previous  to  death,  several  corpora  lutea  will  be  met  with*  in  differeat 
stages  of  formation  and  atrophy.  Thus  we  have  found,  under  sack 
circumstances,  four,  five,  six,  and  even  eight  corpora  lutea  in 
ovaries  at  the  same  time,  perfectly  distinguishable  by  their  textare, 
but  very  small,  and  most  of  them  evidently  in  a  state  of  advoooed 
retrogression.  They  finally  disappear  altogether,  and  the  number 
of  those  present  in  the  ovary,  therefore,  no  longer  corresponds  wilh 
that  of  the  Graafian  follicles  which  have  been  ruptured. 


II.  CORPUS  LUTEUM  OF  PRBGNANCT. 


Since  the  process  above  described  takes  place  at  every 
period,  it  is  independent  of  impregnation  and  even  of  aexnal  inttf^ 
course.  The  mere  presence  of  a  corpus  luteum,  therefore^  i9  M 
indication  that  pregnancy  has  existed,  but  only  that  m  Ofsa&A 
follicle  has  been  ruptured  and  its  contents  discharged.  We  fiod, 
nevertheless,  that  when  pregnancy  takes  place,  the  apfieimukoe  of 
the  corpus  luteum  becomes  so  much  altered  as  to  be  readily  di«- 
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tinguished  from  that  which  simply  follows  the  ordinary  menstrual 
f»rocess.  It  is  proper,  therefore,  to  speak  of  two  kinds  of  corpora 
lutea ;  one  belonging  to  menstruation,  the  other  to  pregnancy. 

The  diflerence  between  these  two  kinda  of  corpora  luteiv  is  not 
an  essential  or  fundamental  difference ;  since  they  both  originate  in 
the  same  way,  and  are  composed  of  tbe  same  structures.  It  is^ 
properly  speiiking,  only  a  difference  in  the  degree  and  rapidity  of 
their  development  For  while  the  corpus  luteura  of  menstruation 
passes  rapidly  through  its  difterent  stages,  and  is  very  soon  reduced 
to  a  condition  of  atrophy,  that  of  pregnancy  continues  its  develop- 
jnent  for  a  long  time,  attains  a  larger  size  and  firmer  organization, 
and  disappears  finally  only  at  a  much  later  period* 

This  variation  in  the  development  and  history  of  the  corpus 
lateum  depends  upon  the  unusually  active  condition  of  the  pregnant 
nterus.  This  organ  exerts  a  powerful  sympathetic  action,  during 
pregnancy,  upon  many  other  parts  of  the  sj^stem.  The  stomach 
becomes  irritable,  the  appetite  is  capricious,  and  even  the  mental 
faculties  and  the  moral  disposition  are  frequently  more  or  less 
affected.  The  ovaries,  however,  feel  the  disturbing  influence  of 
gestation  more  certainly  and  decidedly  than  the  other  organs,  since 
they  are  more  closely  connected  with  the  uterus  in  the  ordinary 
performance  of  their  function.  The  moment  that  pregnancy  takes 
place,  the  process  of  menstruation  is  arrested.  No  more  eggs  come 
to  maturity,  and  no  more  Graafian  follicles  are  ruptured,  during  the 
whole  period  of  gestation.  It  is  not  at  all  singular,  therefore,  that 
the  growth  of  the  corpus  luteum  should  also  be  modified,  by  an 
influence  which  affects  so  profoundly  the  system  at  large,  as  well 
as  the  ovaries  in  particular. 

During  the  first  three  weeks  of  it^  formation,  the  growth  of  the 
corpus  luteum  is  the  same  in  the  impregnated  as  in  tbe  unimpreg- 
nated  condition.  After  tliat  time,  however,  a  difference  becomes 
manifest.  Instead  of  commencing  a  retrograde  course  during  the 
fourth  week,  the  corpus  luteum  of  pregnancy  continues  its  deve- 
lopment. The  external  wall  grows  thicker,  and  its  convolutions 
more  abundant.  Its  color  alters  in  the  same  way  as  previously 
described,  and  becomes  a  bright  yellow  by  the  deposit  of  fatty 
matter  in  microscopic  globules  and  granules. 

By  the  end  of  the  second  month,  the  whole  corpus  luteura  has 
increased  in  size  to  such  an  extent  as  to  measure  seven-eighths  of 
an  inch  in  length  by  half  an  inch  in  depth.  (Fig.  191.)  The  central 
coagulum  has  by  this  time  become  almost  entirely  decolorized,  so  aa^^ 
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to  present  the  appearance  of  a  purely  fibrinous  deposit.     Son 
we  find  that  a  part  of  the  senira,  during  iu  separation  fixnn  the  ck^\ 
has  accumulated  in  tbe  centre  of  the  mas.^  as  in  Fig.  191,  forniinga  j 

little  cavity  containing  a  few  I 
P»8- 1^1*  drups  uf  clear  fluid  and  io- 

closed  by  a  whitish,  fibrinous  I 
layer,  tbe  remains  of  tbdsolid  I 
portion  of  the  clot.  It  in] 
this  fibrinous  layer  which  I 
sometimes  been  mistaken  for  I 
a  distinct  organized  mem*] 
brane,  lining  the  internal  sur- 
face of  tbe  convoluted  wait 

tnoDtti;   from  ft  woaim>d<»d  from  lad iictHlMbortloD.  ^^^    WhlCft    haS    thOS    Icd    lO 

the  belief  that  the  ycUoir 
matter  of  the  corpus  luteum  is  normally  deposited  ouuide  the  mem- 
brane of  the  Graafian  follicle.  Such,  howevett  is  not  ita  real  «triie- 
ture.  The  convoluted  wall  of  the  corpus  luteum  is  tho  membmoe 
of  the  follicle  itself,  partially  altered  by  hypertrophy^  as  may  \m 
readily  seen  by  examination  in  the  earlier  stages  of  its  growth ;  and] 

the  fibrinoua   layer,   Fituati«d| 
^"     "**  interually,     is     the     origin*!' 

bloody  coagulum^  decolortx^d 
and  condensed  by  contiiwioi 
absorption.  The  ext«t«iioeof 
a  central  cavity  ooataining 
serous  fluid,  is  merely  an  o^ 
casional,  not  a  constant  pliaio> 
menon.  More  frequently,  tke 
fibrinous  clot  is  solid  tfarougb 
out,  the  serum  being  gr 
absorbed,  as  it  sejmrau^  r^ — 
taneously  from  the  coAguitiliL 
During  the  third  and  foarih  I 
months,  tbe  enlargement  of  the  corpus  luteum  continues;  Bf>  tkdJk  it 
the  end  of  that  time  it  may  measure  seven-eighths  of  an  incb  ii 
length  by  three-quarters  of  an  inch  in  depth.  (Fig.  192.)  The  coHr 
voluted  wall  is  still  thicker  and  more  highly  develope<l  tlian  before 
having  a  thickness,  at  its  deepest  part,  of  three-sixteenths  of  an  tock 
Its  color,  however,  has  alrea<]y  begun  to  fade,  and  id  now  of  a  dull  I 
yellow,  instead  of  tlie  bright,  clear  tmge  which  it  prev^ousk  er 
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Fig,  193. 


liibited.  The  central  cotigulom,  perfectly  colorless  and  fibrinous 
in  appearance,  is  often  so  much  flattened  hj  the  lateral  compres- 
giou  of  its  mass,  that  it  has  hardly  a  line  io  thickness.  The  other 
relations  of  the  diflerent  parts  of  the  corpus  luteum  remain  the 
eame. 

The  corpus  luteum  has  now  attained  its  maximum  of  develop- 
ment, and  remains  without  any  very  perceptible  alteration  during 
the  fifth  and  sixth  months.  It  tlien  begins  to  retrograde,  diminish- 
ing constantly  in  size  during  the  seventh  and  eighth  months.  Its 
extarnal  wall  fades  still  more  perceptibly  in  color,  becoming  of  a 
faint  yellowish  white,  not  unlike  that  which  it  presente*!  at  the  end 
of  the  third  week.  Its  texture  is  thick,  soft,  and  elastic,  and  it  is 
still  strongly  convoluted.  An  abundance  of  fine  red  vessels  can  ba 
seen  penetrating  from  the  exterior  into  the 
interstices  of  its  convolutions.  The  central 
coagulum  is  reduced  by  this  time  to  the 
condition  of  a  whitish,  radiated  cicatrix. 

The  atrophy  of  the  organ  continues  dur- 
ing the  ninth  month.  At  the  termination  of 
pregnancy,  it  is  reduced  to  the  size  of  half 
an  inch  in  length  and  three-eighths  of  an 
inch  in  depth.  (Fig.  193.)  It  is  then  of  a 
faint  inde6nite  hue^  but  little  contrasted 
with  the  remaining  tissues  of  the  ovary. 
The  central  cicatrix  has  become  very  small, 
and  appears  only  as  a  thin  whitisli  lamina, 
with  radiating  processes  which  run  in  be- 
tween tlie  interstices  of  the  convolutions. 
The  whole  mass,  however,  is  still  quite  firm 
and  resisting  to  the  touch,  and  is  readily 
distinguishable,  both  from  its  .size  and  tex 

ture,  as  a  prominent  feature  in  the  ovarian  tissue,  and  a  reliable 
indication  of  pregnancy.  The  convoluted  structure  of  its  external 
wall  is  very  perceptible,  and  the  point  of  rupture,  with  its  externa; 
peritoneal  cicatrix,  distinctly  visible. 

Aft^r  delivery,  the  corpus  luteum  retrogrades  rapidly.  At  the 
end  of  eight  or  nine  weeks,  it  has  become  8f>  much  altered  that  it? 
color  is  no  longer  distinguishable,  and  only  faint  traces  of  its  con- 
voluted  structure  are  to  be  discovered  by  close  examination.  These 
traces  may  remain,  however,  for  a  long  time  afterward,  more  or  less 
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concealed  in  the  ovarian  tissue.     We  have  distinguished  them  i 
late  as  nine  and  a  half  months  after  delivery.    They  finally  disap 
pear  entirely,  together  with  the  external  cicatrix  which  previonslrj 
marked  their  situation. 

Duriog  the  existence  of  gestation,  the  process  of  menstruati 'aj 
being  suspended,  no  new  follicles  are  ruptured,  and  no  new  o>r[")ra| 
lutea  are  produced ;  and  as  the  old  crties,  formed  before  the  pcrioj  of  I 
conception,  gradually  fade  and  disappear,  the  corpus  luteum  whicl 
marks  the  occurrence  of  pregnancy  after  a  short  time  exists  alo 
in  the  ovary,  and  is  not  accompanied  by  any  others  of  older  4at& 
In  twin  pregnancies,  we  of  course  find  two  corpora  lutea  in  ihftj 
ovaries;  but  these  are  precisely  similar  to  each  other,  and,  beingl 
evidently  of  the  same  date,  will  not  give  rise  to  any  confusioa.| 
Where  there  is  but  a  single  foetus  in  the  uterus,  and  the  ovaricfj 
contain   two  corpora   lutea  of  similar  appearance,  one   of  tbea 
belongs  to  an  embryo  which  has  been  blighted  by  some  accideul 
in  the  early  part  of  pregnancy.     The  remains  of  the  blighted  eoK 
bryo  may  often  be  discovered,  in  such  cases*  in  some  part  of  tie 
Fallopian  tubes,  where  it  has  been  arrested  in  its  descent  tow;irJ 
the  uterus. 

After  the  process  of  lactation  comes  to  an  end,  the  ovaries  ag&il 
resume  their  ordinary  function*  The  Graafian  follicles  matune  i 
rupture  in  succession,  as  before,  and  new  corpora  latea  follow  fttck 
other  in  alternate  development  and  disappearance. 

We  find,  then,  that  the  corpus  luteum  of  menstruation  differs  fnmJ 
that  of  pregnancy  in  the  extent  of  its  development  and  the  dan*] 
tion  of  its  existence.  While  the  former  passes  through  all  the  ifflpj 
portant  phases  of  its  growth  and  decline  in  the  period  of  li 
months,  the  latter  lasts  from  nine  to  ten  months,  and  pre6eiili|| 
during  a  great  portion  of  the  time,  a  larger  size  and  a  more  soMj 
organization.  It  will  be  observed  that,  even  with  the  corpu 
luteum  of  pregnancy,  the  bright  yellow  color,  which  is  so  import-l 
ant  a  characteristic,  is  only  temporary  in  its  duration ;  not  maktstgJ 
its  appearance  till  about  the  end  of  the  fourth  week,  and 
disappearing  after  the  sixth  month. 

The  following  table  contains,  in  a  brief  form,  the  characters  of^ 
the  corpus  luteum,  as  belonging  to  the  two  different  conditioiui  of 
menstruation  and  pregnancy,  corresponding  with  different  periodl 
of  its  development. 
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rte  wetkt 
monlk 


montkt 


fwumiJiM 


COBPVft  LlOTEOM  OF  3lDaTBVAT10|t.       CoBPVS  LOTEVM  OF  PBUSAVCT. 

Tlira^^iuurton of  mi  Snehin  dUnwUr;  oootjal  elol  nddiah;^  con- 

Tolotad  wall  palo. 
Smaller;  eooTolnted  wall  bright 

jidlow ;  elol  tf  in  nnldlsh. 


Beduoed  to  tbe  eonfliUon  of  an 


Albewt. 


Absent. 


Laiger;  eooToluted  wall  bright 
jellofr ;  elot  ttill  redclieh. 

Beren^eigbthe  of  ao  ineh  io  dia- 
meter; eoDToioted  wall  bright 
yehow  ;  olot  perleotlj  deeolor- 
lied. 

Still  i»H»go  a»  at  eted  of  eeeond 
month;  ddt ffbrfnoB* ; eoiif o- 
loted  wall  jialer. 

One-half  an  inch  hi  dimeter; 
central  eloit  conrerted  Into  a 
radiating  efcatrit ;  the«xtema1 
wall  tolerabljrtbkk  ami  oonTO- 
i|ited»  bat  witbont  ai^  bright 
jeUow  oolor* 
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CHAPTER  VII. 

ON  THE  DEVELOPMENT  OF  THE  IMPREGNATKI^ 
EGG— SEGMENTATION  OF  THE  VITELLU8— BLAS- 
TODERMIC MEMBBAN  K^FORMATION  OF  OBGAyf^ 
IN   THE   FEOG. 


Wfi  have  seen,  in  tbe  foregoing  chapters,  how  the  egg,  prodficol 
"in  the  ovarian  follicle,  becomes  gradually  developed  and  ripened,^ 
until  it  is  ready  to  be  discharged.  The  egg,  aoconlingly^  j 
through  several  successive  stages  of  formation,  even  while  suU  «••'] 
tained  within  the  ovary;  and  its  vitellus  becomes  gradually  com*; 
pleted,  by  the  formation  of  albuminous  material  and  the  deposit  of  I 
molecular  granulations.  The  last  change  which  the  egg  undergoes  j 
in  this  situation,  and  that  which  marks  ita  complete  maturity,  U  tbei 
disappearance  of  the  germinative  vesicle.  This  vesicle,  which  \A.iBl 
general,  a  prominent  feature  of  the  ovarian  egg,  disappears  btil  a  J 
short  time  previous  to  its  discharge,  or  even  just  at  tbe  period  of  I 
its  leaving  the  Graafian  follicle. 

The  egg,  therefore,  consisting  simply  of  the  mature  vitellas  waii 
the  vitelline  membrane,  comes  in  contact,  after  leaving  the  OTicyJ 
and  while  passing  through  the  Fallopian  tube,  with  the  spermiticj 
fluid,  and  is  thereby  fecundated.  By  the  influence  of  fecundaii*^  1 
a  new  stimulus  is  imparted  to  its  growth;  and  while  the  litaKttl 
of  the  un impregnated  germ,  arrived  at  this  pointy  would  liifoJ 
reached  its  termination,  the  fecundated  egg,  on  tbe  contnrt>l 
starts  upon  a  new  and  more  extensive  course  of  development,  bfi 
which  it  is  finally  converted  into  the  body  of  the  young  ainmaL 

The  egg,  in  the  first  place,  as  it  passes  down  the  Fallopian  tiiteiJ 
becomes  covered  with  an  albuminous  secretion.    In  the  birds,  m  iri| 
have  seen,  this  secretion  is  very  abundant,  and  is  deposited  in  \ 
cessive  layers  around  the  vitellus.    In  the  reptiles^  it  is  also  pour 
out  in  considerable  quantity,  and  serves  for  the  nonrishineat  oft 
egg  during  its  early  growth.    In  quadrupeds,  the  albumiootts  initlir| 
is  supplied  in  the  same  way,  though  in  smaller  quantity,  by  i 
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Fig.  194, 


iQCoas  membi^ane  of  tlie  Fallopian  tabes,  and  envelopes  the  egg 

a  layer  of  nutritious  materiaL 

A  very  remarkable  change  now  takes  place  in  the  impregnated  egg, 
Irhich  is  known  as  the  spontaneous  division,  or  stgmentuiion,  of  tho 
"vitellus*  A  furrow  first  shows  itself, 
running  round  the  globular  mass  of  the 
vitellus  in  a  vertical  direction,  which 
gradually  deepens  until  it  ha*s  divided 
the  vitellos  into  two  separate  halves  or 
hemispheres.  (Fig.  194,  a,)  Almost  at 
the  same  time  another  furrow^  run* 
ning  at  right  angles  with  tlie  first, 
penetrates  also  the  substanee  of  the 
vitellcLsi  and  cuts  it  iu  a  transverse 
direction,  Tlie  vitellus  is  thus  divided 
into  four  equal  portions  (Fig.  104,  b)^ 
the  edges  and  angles  of  which  are 
rounded  oft^  and  which  are  still  con- 
tained  in  the  cavity  of  the  vitelline 
membrane.  The  spaces  between 
them  and  the  internal  surface  of  the 
vitelline  membrane  are  occupied  by 
a  transparent  fluid. 

The  process  thus  commenced  goes 
on  by  a  successive  formation  of  fur* 
rows  and  sections,  in  various  direc- 
tions. The  four  vitelline  segments 
already  produced  are  thus  subdivided 
into  sixteen,  the  sixteen  into  sixty- 
four,  and  so  on ;  until  the  whole  vi- 
tellus is  converted  into  a  mulberry- 
shaped  mass,  composed  of  minute, 
nearly  spherical  bodies,  which  are 
called  the  "vitelline  spheres."  (Fig* 
194.  c)  These  vitelline  spheres  have 
a  m>mewhat  firmer  consistency  than 
the  original  substance  of  the  vitellus ; 
and  this  consistency  appears  to  in- 
crease, as  they  successively  multiply  in  numbers  and  diminish  in 
eiace.  At  last  they  have  become  so  abundant  as  to  be  closely 
crowded  together,  compressed  into  polygonal  forms,  and  flattened 
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against  the  internal  surface  of  the  yitelliae  membrane.  (Fig  IH, 
They  have  by  this  time  been  converted  into  true  aoitnal  oellfl; 
these  cells,  adhering  to  each  other  by  their  adjacent  edgos^  form 
continuous  organized  membrane,  which  is  termed  the  Bliut9[ 
membrane. 

During  the  formation  of  this  membrane,  moreover,  the  eg^ 

passing  through  the  Fallopian  tubes  into  the  uteruB»  iu»  inereajei' 

in  size.     The  hlbuminous  matter  with  which  it  was  enveloped  bits 

-liquefied  ;  and,  being  absorbed  by  endosmosis  through    '  *'    ^j^ 

Kinembrane,  has  furnished  the  materials  for  the  more  .-  .-■ 

ensive  growth  of  the  newly-formed  structures.     It  may  also  be 
kseen  that  a  large  quantity  of  this  fluid   has  accumulate^!  iu  i 
hcentral  cavity  of  the  egg^  inclosed  accordingly  by  the  blastodermi 
lerabraue,  with  the  original  vitelline  membrane  still  formiag 
B3tternal  envelope  round  the  whole. 

The  next  change  which  takes  place  consists  in  the  divifioB  or 

Bplitting  of  the  blastodermic  membrane  into  two  layers^  which  are 

tno wn  as  the  es^emal  and  internal  layers  of  Uyt  bla»if>d€rrmc  mnniimm^ 

They  are  both  still  composed  exclusively  of  cells;  but  Ibwe  of  the 

external  layer  are  usually  smaller  and  more  compact,  while  tliuce 

of  the  internal  are  rather  larger  and  looser  in  texture.     The  egg 

ithen  presents  the  appearance  of  a  globular  sac,  the  walls  of  wbieh 

insist  of  three  concentric  layers,  lying  in  contact  with  and  inckfoi' 

kng  each  other,  viz.,  1st,  the  structureless  vitelline  membrane  on  the 

koutside ;  2d,  the  external  layer  of  the  blastodermic  membrane,  com* 

;>osed  of  cells ;  and  3d^  the  internal  layer  of  the  blastodermic  mcffi- 

kbrane,  also  composed  of  cells.     The  cavity  of  the  egg  ia  oocupi€»l 

kby  a  transparent  fluid,  as  above  mentioned. 

This  entire  process  of  the  segmentation  of  the  vitellus  aiKi  t:>v 
formation  of  the  blastodermic  membrane  is  one  of  the  most  t^ 
larkable  and  important  of  all  the  changes  which  take  place  during 
Ihe  development  of  the  egg.  It  is  by  this  process  that  the  siaipb 
I  globular  mass  of  the  vitellus,  composed  of  an  albuminotta  ottOir 
ad  oily  granules,  is  converted  into  an  organized  structure.  For 
Ihe  blastodermic  membrane*  though  consisting  only  of  celk  aetfi^ 
^uniform  in  size  and  shape,  is  nevertheless  a  truly  organiaed  wmt* 
brane,  made  up  of  fully  formed  anatomical  elements^  It  ia^  laof*' 
over,  the  first  sign  of  distinct  organization  which  makos  its  afipear- 
ance  in  the  egg;  and  as  soon  as  it  ia  completed,  the  body  of  tie 
new  foetus  is  formed.  The  blastodermic  membrane  is,  in  fi^i  l!» 
body  of  the  foetus.    It  is  at  this  time,  it  is  true,  exceedingty  liiople 
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texture;  but  we  shall  see  hereafter  that  all  the  future  organs 
:)f  the  body,  however  varied  and  complicated  in  structure,  arise  ouir 
>f  it,  by  modification  and  development  of  its  different  parts. 

The  segmentatioo  of  the  vitellus,  moreover,  and  the  formation 
of  the  blastodermic  membrane,  take  place  in  essentially  the  same 
^manner  in  all  classes  of  animals.     It  is  always  in  this  way  that 
le  egg  commences  its  developmentp  whether  it  be  destined  to 
form  afterward  a  fish  or  a  reptile^  a  bird,  a  quadruped,  or  a  man. 
|Tbe  peculiarities  belonging  to  diflercnt  ^ecies  show  themselves 
terward,  by  variations  in  the  manner  and  extent  of  the  develop- 
aent  of  different  parts.     In  the  higher  animals  and  in  the  human 
iibject  the  development  of  the  egg  becomes  an  exceedingly  com- 
E)1icated    process,  owiug   to  the  formation   of    various   accessory 
organs,  which  are  made  requisite  by  the  peculiar  conditions  under 
which  the  development  of  the  embryo  takes  place.     It  is,  in  fact, 
impossible  to  describe  or  understand  properly  the  complex  embry- 
Mogy  of  the  quadrupeds,  and  more  particularly  that  of  the  human 
ibjectj  without  first  tracing  the  development  of  those  species  in 
rhich  the  process  is  more  simple.     We  shall  commence  our  descrip- 
ion,  therefore,  with  the  development  of  the  egg  of  the  frog,  which 
for  many  reasons  particularly  appropriate  for  our  purpose. 
The  egg  of  the  frog,  when  discharged  from  the  body  of  the  female 
and  fecundated  by  the  spermatic  fluid  of  the  male,  is  deposited  in 
he  water,  enveloped  in  a  soft  elastic  cushion  of  albuminous  sub- 
glance.     It  is  therefore  in  a  situation  where  it  is  freely  exposed  to 
ae  light,  the  air,  and  the  moderate  warmth  of  the  sun's  rays,  and 
rhere  it  can  absorb  directly  an  abundance  of  moisture  and  appro- 
iate  nutritious  material.     We  find  accordingly  that  under  these 
Circumstances  the  development  of  the  egg  is  distinguished  by  a 
laracter  of  great  simplicity;    since  the  whole  nf  the  vitelhts  is 
}irectbj  converted  into  (he  body  of  the  evihryo.     There  are  no  acces- 
>ry  organs  required,  and  consequently  no  complications  of  the 
>rmative  process. 

The  two  layers  of  the  blastodermic  membrane,  above  described, 
Bpreseut  tiigether  the  commencement  of  all  the  organs  of  the  fcetus. 
Phey  are  intended,  however,  for  the  production  of  two  different 
^Btems;  and  the  entire  process  of  their  development  may  be  ex- 
h\  as  follows:  The  external  layer  of  the  hlasiodermxc  membrane 
roductB  the  spinal  column  and  all  tJi^  organs  of  animal  life ;  ivhile  th^ 
itiemal  layer  producer  the  iniesttnal  eanal,  and  all  tfte  organs  of  mgt- 
Uive  life., 
87 
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lKPUK<.+  *AT«i>  Eti«i»  With  tf^m- 
mcaeetnfiiil  uf  formAtiua  of  mmhrfot 

flda^  and  pnitiiliv«  truce. 


The  first  sign  of  advanciog  organization  ia  the  external  layer  < 
the  blastodermic  merabrane  shows  itaelJ*  in  a  thickening  and  co&«J 
densation  of  its  structure.    This  thickened  portion  has  the  form  of  i 
elongated  oval-shaped  spot,  termed  the  **  embryooic  spot^  (Fig,  11*5 

the  wide  edges  of  which  ar-"  c..t....t,  i 
^*«^  ^5^'  more  opaque  than  the  rest 

dermic    membrane.     Incl 
these  opaque  etlges  is  a 
less  *and   transparent  >, 
pellucida,"  and  in  \\s  ccntn 
line,  or  furrow,  runuing  1* 
from  front  to  rear,  whiih  . 
"primitive  trace*" 

On  each  side  of  the  primiiive  trs^J 
in  the  area  pe^  ^  •  ^  -  J .  i  *v  » h  o  ._  • .  r. ^  t  , .  r ,  ,v>  ^f  | 
the  blu&todernii 

such  a  manner  as  to  tbrm  two  oetrijl 
parallel  vertical  plates  or  r:  ' :  ^  -hicli 
approach  each  other  over  the  dori«al  aspect  of  the  lli 
therefore  caUed  the  "dorsal  plates."  They  at  last  meet  on  tb* 
median  line,  so  as  to  inclose  the  furrow  alx>ve  described  and  on* 
vert  it  into  a  canal.  This  afterward  becomes  the  spinal  canal,  u)d 
in  its  cavity  is  formed  the  spinal  cord,  by  a  deposit  af  nervooi 
matter  upon  its  internal  surface.  At  the  anterior  extremity  uC  tliil 
canal,  its  cavity  is  large  and  rounded,  to  accommodate  the  bnuQ 
and  medulla  oblongata;  at  its  posterior  extremity  it  is  narrow i 
pointed,  and  contains  the  extremity  of  the  spinal  cord. 

In  a  transverse  section  of  the  egg  at  this  stage  (Fig.  i 
dorsal  plates  may  be  seen  approaching  each  other  above.  •  :  . 
aide  of  the  primitive  furrow  or  "trace"  At  a  more  advaocai 
period  (Fig*  197)  they  may  bo  seen  fairly  united  with  each  gcW, 
so  as  to  inclose  the  cavity  of  the  spinal  canal.  At  the  &amo  Ua% 
the  edges  of  the  thickened  portion  of  the  blastodermic  membcvai 
grow  outward  and  downward^  ao  as  to  spread  out  more  and  anm 
over  the  lateral  portions  of  the  vitelline  mass.  These  are  calitfi 
the  "abdominal  plates;"  and  as  they  increase  in  extent  they  kai 
to  unite  with  each  other  below  and  inclose  the  abdominat  cuvitfr 
just  as  the  dorsal  plates  unite  above,  and  inclose  the  spinal  oaaaL 
At  last  the  abdominal  plates  actually  do  unite  with  each  oth^  m 
the  median  line  (at  i,  Fig.  197),  embracing  of  oourse  the  mhsk 
internal  layer  of  the  blastodermic  membrane  (*X  which  iiH:lo9ttJi 
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'it»  turn  the  remains  of  the  origiDal  vitellus  and  tbe  albuminous 

fluid  ubioh  has  accumulated  iti  its  cavity. 


Fig.  wj. 


Fig.  197. 


TfjiB^?«'i«  fcpoOrtR  of  En <i  til  Hit  r7lr^f 
of  btftttitlermLC  memtirftau.     2,2,  Dttf-^nl 


ini»{v  tiilvjiiicc>(1  pr>rlo<d. — t.  rmbillcaa,  or 
poixtt  of  uDkon  between  nbdorainftl  pl&t«>k 
2,  2.  DoriH]  pUle*  united  with  each  ctlier 
on  ihti  median  linn  and  inel<M\ng  th«  spinAf 
c-iiual.  3.  3.  Abdominal  pUiten.  4.  8i^e- 
tlaa  4>f  uptDftl  cotumn,  wltb  IiuuId*  *Dd 
r'tbi.  5.  tnleroftl  Uyer  of  bUitodonnlff 
m«tubi»ao. 


During  this  time,  there  is  formed,  in  tbe  thickness  of  the  external 

blastodermic  layer,  immediately  bencAth  the  spinal  eanal,  a  Ivmgita- 

linal  cartilag:inous  cord,  called  the  '*  chorda  dorsalis."     Around  the 

Dhorda  dor^lis  are  afterward  developed  the  bodies  of  the  vertebrai 

,107,  4);  forming  the  chain  of  the  vertebral  column;  and  the 

lue  processes  of  the  vertebnw  run  upward  from  this  point  into 

the  dorsal  plates;  while  the  transverse  processes,  and  ribs,  run  out* 

Fard  and  downward  in  the  abdominal  plates,  to  encircle  more  or 

less  completely  the  correaponding  portion  of  the  b<xly. 

If  we  BOW  examine  the  egg  in  longitudinal  section,  while  this 
process  is  going  on,  the  thickened  portion  of  the  externid  blasto* 
iermic  layer  may  be  seen  in  profile,  as  at  ij  Fig.  198,  The  anterior 
)rtion  (a)»  which  will  form  the  head^  is  thicker  than  tbe  posterior 
(»),  which  will  form  the  tail  of  the  young  animal.  As  the  whole 
mass  grows  rapidly,  both  in  the  anterior  and  the  posterior  direc- 
tion, the  head  becomes  very  thick  and  voluminous,  while  the  tail  also 
begins  to  project  backward,  and  the  w^hole  egg  assumes  a  distinctly 
elongated  form.  (Fig.  199.)    The  abdominal  plates  at  the  same  time 
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meet  upoa  its  under  surface,  and  the  pobt  at  whieh  tbey  fiiuJIy 
unite  forms  the  abdominal  cicatrix  or  umbilicus.  The  internal  Uaa- 
todermic  layer  ia  seen,  of  course,  in  the  longitudinal  fiection  of  the 


Fig.  19S. 


Fig.  Id9. 


DiAffnim  nf  Finn'*  Ean.  Hn  «ii  i^iirlf 
vta^  of  4eTeilopaieBt  ;  K^ELjerltadiniAl  koc- 
tioa. — 1.  ThkkeEHKl  portioa  of  exterunl 
blftfltodflrmle  y^jtr,  formmif  body  of  f«etii«. 
2.  Aatorlor  ^Etreallj  of  fat  at.  3.  Po«t0- 
rior  extremllx.  4-  Iiitoroui  lajer  cf  bliit- 
iodermtomemlimve.  fi.  Cavlij«rirU«llot. 


l9iU^ 


egg,  as  well  as  in  the  transverse,  embraced  by  the  jintiominal  pli 
and  inclosing,  as  before,  the  remains  of  the  vitellus. 

As  the  development  of  the  above  parts  goes  on  (Fig.  200),  the] 
head  becomes  still  larger,  and  soon  shows  traces  of  the  formatioaj 

Fig.  200, 
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of  organs  of  special  sense.  The  tail  also  increases  in  size,  and  jio^ 
jecta  farther  from  the  posterior  extremity  of  the  embryo. 
spinal  cord  runs  in  a  longitudinal  direction  from  front  %o  rear, 
ite  anterior  extremity  enlarges,  so  as  to  form  the  brain  and  medoik ' 
oblongata.    In  the  mean  time,  the  internal  V<        '  *       -,  wl 

is  subsequently  to  be  converted  into  the  in       >  _  ijas 

shut  in  by  the  abdominal  walls,  and  still  forma  .a  perfectly  clo 
sac,  of  a  slightly  elongated  figure,  without  either  inlet  or  oaiJeLl 
Afterward,  the  mouth  is  formed  by  a  process  of  atrophy  and  |Kri5>| 
ration,  which  takes  place  through  both  external  and  internal  ljiyeii»| 
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at  the  anterior  extremity^  while  a  similar  perforation,  at  the  poste- 
rior extremity,  results  in  the  formation  of  the  anus. 

All  these  parts,  however,  are  as  yet  imperfect ;  and,  heing  merely 
in  the  course  of  formation,  are  incapable  of  performing  any  active 
function. 

By  a  continuation  of  the  same  process  the  different  portions  of 
the  external  blastodermic  layer  are  further  developed,  so  as  to  re* 
lit  in  the  complete  formation  of  the  various  parts  of  the  skeleton, 
the  integument^  the  organs  of  special  gense^  and  the  voluntary 
muscles  and  nerves.  The  tail  at  the  same  time  acquires  sufficient 
ze  and  strength  to  be  capable  of  acting  as  an  organ  of  locomo» 
tion,  (Fig.  201.)    The  intestinal  canal,  which  has  been  formed  from 

Fig.  201. 
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the  internal  blastodermic  layer,  is  at  first  a  short,  wide,  and  nearly 

raight  tube,  running  directly  from  the  mouth  to  the  anus.     It 

n,  however,  begins  to  grow  faster  than  the  abdominal  cavity 

hich  incloses  it,  becoming  longer  and  narrower,  and  is  at  the 

same  time  thrown  into  numerous  convolutions.     It  thus  presents 

a  larger  internal  surface  for  the  performance  of  the  digestive 

Tocess. 

Arrived  at  this  period,  the  young  tadpole  ruptures  the  vitelUn© 
membrane,  by  which  he  has  heretofore  been  inclosed,  and  leaves  the 

vity  of  the  egg.  He  at  firat  fastens  himself  upon  the  remains  of 
;he  albuminous  matter  deix>sited  round  the  egg,  and  feeds  upon  it  for 
a  short  period.  He  soon,  however,  acquires  sufficient  strength  and 
activity  to  swim  about  freelj^  in  search  of  other  food,  propelling 
himself  by  means  of  his  large,  membranous,  and  muscular  tail. 
The  alimentary  canal  increases  very  rapidly  in  length  and  becomes 
spirally  coiled  up  in  the  abdominal  cavity  so  as  to  attain  a  length 
from  seven  to  eight  times  greater  than  that  of  the  entire  body. 

After  a  time,  a  change  takes  place  in  the  external  form  of  the 
young  animal.    Tlie  posterior  extremities  or  limbs  begin  to  show 
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themselves,  by  budding  or  sprouting  from  the  sides  of  the  body, 
just  at  the  base  of  the  tiiil  (Fig.  202,)    The  anterior  extr.     '       Jm  < 
grovir  at  this  time,  but  are  at  first  concealed  underneath  ga- 

ment  They  afterwiird,  however,  become  liberated,  and  show  them* 
Belvea  externally.  At  first  both  the  fore  and  hind  legs  are  very  t 
^mall,  imperfect  in  Ktracture^  and  altogether  oselesa  for  porpoaei  of  I 
loooinotion.  They  soon,  however,  increase  in  size  and  sireogtlid 
and  while  they  keep  pace  with  the  increasing  development  of  tiiej 
whole  body,  the  tail  on  the  contrary  c^se£  to  grow,  and  becoistti 
shrivelled  and  atrophied.  The  limbs,  in  fact^  are  destined  finallyi 
to  replace  the  tail  as  organs  of  locomodoo;  and  a  time  at  last' 
arrives  (Fig.  203)  when  the  tail  has  altogether  disappeared,  wlnh ; 
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the  legs  have  become  fully  developed,  •muscular  and  powerftil 
Then  the  animal,  which  was  before  confined  to  an  aquatic  mode 
of  life,  becomes  capable  of  living  also  upon  land,  and  a  traw- 
formation  is  thus  eftected  from  the  tadpole  into  the  perfect  frog. 

During  the  same  time,  other  changes  of  an  equally  importaol 
character  have  taken  place  in  the  internal  organs.  The  tadpole  tt  1 
first  breathes  by  gills;  but  these  organs  subsequently  beoome 
atrophied  and  disappear,  being  finally  replaced  by  -well  devdopei 
lungs.  The  structure  of  the  mouth,  also,  of  the  integument^  lurf 
of  the  circulatory  system,  is  altered  to  correspond  with  the  varyiflg 
conditions  and  wants  of  the  growing  animal ;  and  all  these  ob&ogci 
taking  place,  in  part  successively  and  in  part  simallmieoaslj, 
bring  the  animal  at  last  to  a  state  of  complete  formation. 
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The  proceas  of  development  may  then  be  briefly  reoapitolated  as 
follows: — 

1.  The  Uastodermio.  membrane,  produced  by  the  legmentation 
of  the  yitellus,  consisis  of  two  cellular  layers^  yic,  an  exteroal  and 
an  internal  blastodermic  layer. 

2.  The  external  layer  of  the  blastodermic  memfarane  incloses  by 
its  dorsal  plates  the  cerebro-spioal  eanal,  and  by  its  abdominal 
plates  the  abdominal  or  vieceral  cavity. 

S.  The  internal  layer  of  the  blastodermic  membrane  forms  the 
intestinal  canal,  which  becomes  lengthened  and  convoluted,  and 
communicates  with  the  exterior  by  a  mouth  and  anus  of  secondary 
formatioD. 

4.  Finally  the  cerebro-spinal  axis  and  its  nerves,  the  skeleton 
the  organs  of  special  sense,  the  integament,  and  the  muscles,  are 
developed  from  the  external  blastodermic  layer;  while  the  anterior 
and  posterior  extremities  are  formed  from  the  same  layer  by  a  pro- 
cess of  sprouting^  or  confinbous  growth. 
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newlj'formed  tissues.  In  the  egg  of  the  fish  (Fig,  254),  tbti  princi- 
pal veia  is  seen  passing  up  in  front  underneath  the  head ;  while  tba 
arteries  emerge  all  along  the  lateral  edges  of  the  body.    The  eadra 

Fig.  253. 
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v^itellus,  in  this  way,  becomes  covered  with  an  abundant  Tadcolar 
network,  connected  with  the  internal  circulation  of  the  foetus  hfi 
arteri'^^  ''"1  veins. 

Ve  as  the  embryo  and  the  entire  egg  increase  in 

there  are  two  arteries  and  two  veins  which  becon 
Fig.  2M.  larger  than  tlie  others,  and  which  snbsequenltyl 

yf^a^^^  do  the  whole  work  of  conveying  the  blood  of 

^g{  _^^^^  the  foetus  to  and  from  the  area  vasculosa.  The 
^K|^^^^B  two  arteries  emerge  frum  the  lateral  edges  of 
^^^^^^^^m  the  fiMus,  on  the  rigltt  and  left  sides;  while  thd 
W^^^^^^  ^^'^  veins  re-enter  at  about  the  same  point,  ant] 
^^^^^^  nearly  parallel  with  tliem.  These  four  vessels  are' 

then  termed  the  oinphalo-im'^^^j'f'^^r^r  aritrics  and^ 

The  aiTangenient  of  the  circulatory  apparatufj 
in  the  interior  of  the  body  of  the  ftjetus,  at  this  time,  is  as  follows  m 
The  heart  is  situated  at  the  median  line^  just  beneath  the  head  and] 
in  front  of  the  oesophagus.  It  receives  at  its  lower  extremity  thai 
trunks  of  the  two  omphalo-mesenteric  veins,  and  at  its  uppovi 
extremity  divides  into  two  vessels,  which,  arching  over  backwar 
attain  the  anterior  surface  of  the  vertebral  column/ anS  Iheo 
from  above  downward   along  the   spine,  quite  to   the   posteriori 
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After  the  young  animal  leaves  the  egg,  the  umbilical  reside 
in  some  species  becomes  withered  and  atrophied  bj  the  absorption 
of  its  contents  J   while  in  others,  the  abdominal  walls  gradually 

Fig.  205. 
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extend  over  it,  and  crowd  it  back  into  the  abdomen ;  the  nutritious 
latter  which  it  contained  passing  from  the  cavity  of  the  vesicle 
nto  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
jtmbilical  vesicle  becomes  more  completely  separated  from  the  abdo- 
aen  than  in  the  cases  just  mentioned.     There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication^  as  in  other  instances, becomes 
adually  narrowed  by  the  increasing  constriction  of  the  abdominal 
rails.     Here,  however,  the  constriction  proceeds  so  far  that  the 
>posite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 
Jhere ;  so  that  the  narrow  passage  previously 
isting,  between  the  cavity  of  the  intestine 
and  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is   then   connected  with  the 
abdomen  only  by  an  impervious  cord.     This 
ord  afterward  elongates,  and   becoraea  con- 
erted  into  a  slender,  thread-like  pedicle  (Fig. 
)6),  passing  out  from  the  abdomen  of  the 
Btus,  and  connected  by  its  farther  extremity 
ith  the  umbilical  vesicle,  which  is  filled  with 
transparent^  colorless  fluid.     The  umbilical 
iicle  ia  very  distinctly  visible  in  th«  human 
tus  BO  late  as  the  end  of  the  third  month, 
tfter  that  period  it  diminishes  in  size,  and  is  gradually  lost  in  the 
ivancing  development  of  the  neigliboring  parts. 
In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia- 
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single  vein,  connecting  the  internal  and  extermd  portioud  of  ilie 
vitelline  circulation. 

The  vessels  belonging  to  this  system  are  therefore  called 
omphalo-meaenteric  vessels,  becaase  a  part  of  them  (omphalic  vei- 
sels)  pass  outward,  by  the  unibilicus,  or  "  ornphah:»a.''  to  the  umbili- 
cal vesicle^  while  the  remainder  (mesenteriu  vesBels)  ranufy  up 
the  mesentery  and  the  intestine. 

At  first,  the  circulation  of  the  umbilical  vesicle  is  more  imporlJ 
ant  than  that  of  the  intestine;  and  the  omphalic  artery  and  vein 
appear  accordingly  as  large  trunks,  of  which  the  mesenteric  ve 
sels  are  simply  small  branches,  (Fig,  255.)     Afterward,  howeverj 
the   intestine   rapidly  enlarges,  while  the  umbilical  vesicle  dimi-ij 
nishes,  and  the  proportions  existing  between  the  two  sets  of  vesscL 
are  therefore  reversed.  (Fig.  256.)     The  mesenteric  vessels  thea| 

Fig.  25«. 
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come  to  be  the  principal  trunks,  while  the  omphalic  vessels  are 
simply  minute  branches,  running  out  along  the  slender  cord  orUtdJ 
umbilical  vesicle,  and  ramifying  in  a  few  scanty  twigs  upon  itfl 
^rfa^e. 
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A  L  L  A  N  TO  I  S,  — D  E  V  E  L  0  P  M  E  N T 
THE   CHICK. 
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We  shall  now  proceed  to  the  descriptioE  of  two  other  accessory 
organs,  which  are  formed,  during  the  development  of  the  fecundated 
egg,  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
the  allantoic  ;  two  organs  which  are  always  found  in  company  with 
each  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 

In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
supplied  with  moisture,  air,  and  nourishment,  by  the  water  with 

lich  it  is  surrounded.  It  can  absorb  directly  all  the  gaseous  and 
liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
and  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  place  without  difficulty  through  the  simple  membranes  of  the 
egg;  particularly  as  the  time  required  for  the  formation  of  the 
embryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop* 
meut  remains  to  be  accomplished  after  the  youug  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
ment  of  the  fcetus  is  longer.  The  young  animal  also  acquires  a 
much  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
inent.  This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
ii  the  allantois. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
described,  by  the  external  layer,  forming  the  integument;   and 
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to  tbe  gills  oa  each  side  of  the  neck ;  but  ia  the  human  fiubjeel^ 
the  quadrupeds,  the  branchial  tufts  are  never  developed^  and 
cervical  arched,  aa  well  as  the  trunks  with  whioh  they  are  ooun 
nected,  become  modified  by  the  progress  of  development  io  the 
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The  two  ascending  arterial  trunks  on  the  anterior  part  of 
neck,  from  which  the  cervical  arches  are  given  oft;  become  ooo^ 
verted  into  the  carotids.  (B'ig.  258,  i,  i.)  The  fifth,  or  up)>crmi 
cervical  arch^  remains  at  the  base  of  the  brain  as  the  inosculatii 
through  the  circle  of  Willis,  between  the  internal  carotids  and 
basilar  artery,  which  is  produced  by  the  union  of  the  two  vertoi 
brals.  The  next,  or  fourth  cervical  arch,  may  be  recognised  in  an 
inosculation  which  is  said  to  be  very  constant  between  the  superior 
thyroid  arteries^  branches  of  the  carotids^  and  the  inferior  thyroi' 
which  come  from  the  subclavians  at  nearly  the  same  point  from 
which  the  vertebrals  are  given  off.  The  next,  or  third  cervical  arch, 
remains  on  each  side,  as  the  subclavian  artery  (i,  i).    This  vessel* 
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ant  by  the  rJaing  up  of  tta  amniotic  fold.    This  diverticulum 
is  the  commencement  of  the  allantois.     It  is  an  elongated  mem- 
branous sac,  continuous  with  the  posterior  portion  of  the  intestine, 
and  containing  bloodveesels  derived  from  those 
of  the  intestinal  circulation.    The  cavity  of  the  ^»«*  20^- 

allantois  is  also  continuous  with  the  cavity  of  f 

the  intestine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  already  described,  over 
the  back  of  the  fcetus,  at  the  amniotic  umbilicus, 
the  adjacent  surfaces,  thus  brought  in  contact, 
fuse  together,  so  that  the  cavities  of  the  two 
foldsi  coming  respectively  from  front  and  rear, 
are  separated  only  by  a  single  membranous  par- 
tition (Fig.  209,  c)  running  from  the  inner  to  the 
outer  lamina  of  the  amniotic  folds.     This  parti- 
tion itself  soon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminas  become  consequently  separated  from  each  other.    The 
jner  lamina  (Fig.  209,  a)  which  remains  con- 
luous  with  the  integument  of  the  fuetus,  in- 
closing the  body  of  the  embryo  in  a  distinct 
kvity,  is  called  the  amnion  (Fig.  210,  h\  and 
cavity  is  known  as  the  amniotic  cavity. 
Tbe  outer  lamina  of  the  amniotic  fold,  on  the 
other  hand  (Fig,  209,  h),  recedes  fartlier  and 
ther  from  the  inner,  until  it  comes  in  con- 
r  with  the  original  vitelline  membrane,  still 
>vering  the  exterior  of  the  egg ;  and  by  con- 
lued  gro\nh  and  expansion  it  at  last  fuses 
rith  the  vitelline  membrane  and  unites  with 
t  substance,  so  that  the  two  membranes  form 
^ut  one.  This  membrane,  formed  by  the  fusion 
And  consolidation  of  two  others,  constitutes  then 
the  external  investing  membrane  of  the  egg. 
The  allantois,  during  all  this  time,  is  increas* 
log  in  size  and  vascularity.     Following  the  course  of  the  amniotio 
folds  as  before,  it  insinuates  itself  between  them,  and  of  course  soon 
comes  in  contact  with  the  external  investing  membrane  just  de- 
ibed.    It  then  begins  to  expand  laterally  in  every  direction, 
iveloping  more  and  more  the  body  of  the  foetus,  and  bringing  its 
Teasels  into  contact  with  the  external  membrane  of  the  egg. 
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Bj  a  «oDtinuation  of  the  nhavt  process,  the  allantoia  at  la^ 
grows  to  8uch  an  extent  as  to  envelope  completely  tbe  Uody  of  tbe 

embryo,  together  with  the  amnion ;  its  two 
extremities  coming  in  contact  witli  €t^\ 
other  and  fusing  together  over  th^ 
the  foetus,  just  as  the  amniotic  io. 
previously  done.  (Fig.  210.)  It  linca,  there- 
fore, the  whole  internal  surface  of  the  in- 
vesting membrane  with  a  flattened,  ra-'-r 
lar  sati,  the  vessels  of  which  come  frutn  , 
interior  of  the  body  of  the  foeioiiy  imd  whick 
Btill  communicates  with  the  davity  ofifa 
intestinal  canal. 

It  is  evident,  from  the  above  dedcripUco, 
that  there  is  a  close  connection  bet  I 

formation  of  the  amnion  and  that  of  the  allantots.     For  i;  4^    .  >  ' 
in  this  manner  that  the  allantois,  which  is  an  extension  of  the  m- 
teroal  layer  of  the  blastodermic  membrane,  can  come  to  be  ntuated 
outside  the  foetus  and  the  amnion,  and  be  broughl  into  reUijcA 
with  external  surrounding  media.     The  tw*o  laminio  of  tbe  amiia- 
otic  folds,  ill  fact,  by  separating  from  each  other  as  abovo  descrit 
open  a  passage  for  the  allantois,  and  allow  it  to  oome  in  oon 
with  the  external  membrane  of  the  egg. 

In  order  to  explain  more  fully  the  phyftiologtoal  action  of  ibc 
allantois,  we  shall  now  proceed  to  des  '  'itj  prooeai  of  derekp^ 
ment,  as  it  takes  place  in  the  egg  of  li,^:  -^-, ., 

In  ordi  r  that  the  embryo  may  be  properly  dereloped  in  w 
case,  it  is  essential  that  it  be  freely  supplietl  with  air.  wmrmJi, 

moisture,  and  nonrishment.     The  egg  of  the  P^'"*^  -  ".^  alresJi, 

when  discharged  fruui  the  generative  passage^,  :  quanlilf 

of  moisture  and  albuminous  material.    The  necessary  WftnfiA 
supplied  by  the  body  of  the  parent  during  incubation ;  while  t 
atmospheric  gases  can  pass  and  repass  through  the  portms 
shell,  and  by  endosmoads  through  the  fibrous  membroncd  wfaicfcl 
line  its  cavity. 

When  the  egg  is  first  laid,  the  vitellus,  or  yolk»  is  enveloped  ?• 
a  thick  layer  of  semi-solid  albumen.  On  the  eommencemail  ef 
Incubation,  a  liquefaction  takes  place  in  the  albumen  immcdtildT 
above  that  part  of  the  vitellus  which  is  occupied  b"  *'  -  ....*♦« 
enla;  so  that  the  vitellus  rises  or  floats  upward  towar.. 
by  virtue  of  its  spe^iinc  gravity^  and  the  <ncatnctila  ocmtn  to  be 
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pUeed  almost  imniediatelj  underneatli  the  lining  membrane  of  the 
.^egg-sbell.  As  the  cicatricuk  is  the  spot  from  which  the  process  of 
.^mbrjonic  development  commences,  the  body  of  the  young  foetus 
is  by  this  arraogement  placed  in  the  most  favorable  position  for 
the  reception  of  warmth  and  other  necessary  external  influence? 
through  the  egg-shelL  The  liquefied  albumen  is  also  absorbed  by 
the  vitelline  membrane,  and  the  vitellus  thus  becomea  larger,  softer, 
and  more  diffluent  than  before  the  commcDcement  of  incubation. 

As  soon  as  the  circulatory  apparatus  of  the  embryo  has  be^n 
fiiirly  formed,  two  minute  arteries  are  seen  td  run  out  from  its 
lateral  edges  and  spread  into  the  neighboring  parts  of  the  blasto- 
dermic membrane,  breaking  up  into  inosculating  branches,  and 
covering  the  adjacent  portions  of  the  vitellus  with  a  plexus  of 
capillary  bloodvessels.  The  space  occupied  in  the  blastodermic 
membrane,  on  the  surface  of  the  vitellus,  by  these  vessels,  is  called 
the  area  vasculosa,   (Fig,  211.)    It  is  of  a  nearly  circular  shaiie, 

Fig.  211, 


'i;?y,>jr 


mr^m  9m9tnli>m  t«ttlAlljr  covariBg  Uie  tarfliee  of  the  vLfel  i  i^^ 


and  is  limited,  on  its  outer  edge,  by  a  terminal  vein  or  sinus,  called 
the  "sinus  te^nalia.'*  The  blood  is  returned  to  the  body  of  the 
fcetus  by  two  veins  which  penetrate  beneath  its  edges,  one  near  the 
bead  and  one  near  the  tail. 

The  area  vasculosa  tends  to  increase  in  extent,  as  the  develop- 
ment of  the  foetus  proceeds  and  its  circulation  becomes  more  active. 
It  soon  covers  the  upper  half^  or  hemisphere,  of  the  vitellus,  and 
the  terminal  sinus  then  runs  like  an  equator  round  the  middle  oC 
the  vitelline  sphere.    As  the  growth  of  the  vascular  plexus  c^o* 
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On  the  left  side,  that  portion  of  the  SQperior  veHabral  veil 
u  belosv  the  subclavian,  remains  as  a  sonall  branch  of  the  v 
nominata,  receiving  the  six  or  seven  upper  intercostal  veins;  while 
on  the  right  side  it  becomes  excessively  enlarged,  rr  t'l 

blood  of  both  jugulars  and  both  subclaviansi  and  is  Cuu , ,. 
the  vena  cava  superior^ 

The  left  canal  of  Cuvier,  by  which  the  left  vertebral  vein  at  lirec 

communicates  with  the  hearty  subsequently  bc'    *         trophieJ  and 

dLsappears;  while  on  the  right  side  it  becomes  t  ,;ly  enlarged. 

and  forms  the  lower  extremity  of  the  vena  cava  superior. 

The  superior  and  inferior  venae  cav«e,  accordingly,  cio  not 

respond  with  each  other  so  far  as  regards 

mode  of  origin,  and  are  not  to  be  regarded  as 

analogous  veins.    For  the  superior  vena  cava 

is  one  of  the  original  vertebral  veins;  while, 

the  inlerior  vena  cava  is  a  totally  distinct  veiBt! 

of  new  formation,  resulting  from  the  union  of 

the  two  lateral  trunks  coming  from  tlte  infe* 

rior  extremities. 

The  remainder  of  the  vertebral  veins  finally 
assume  the  condition  shown  in  Fig.  262,  which 
id  the  complete  or  adult  form  of  the  venous 
circulation.  At  the  lower  part  of  the  abdomen, 
the  vertebral  veins  send  inward  small  trans- 
verse branches,  which  communicate  Turith  tbe 
vena  cava  inferior,  between  the  points  at  which 
they  receive  the  intercostal  veins.  Theee 
branches  of  communication,  by  increasing  in 
size*  become  the  lumbar  vetfis{i),  which,  in  the 
adult  condition,  communicate  with  each  other 

AdaU    condltioB..  of  Yn- 

jfoui  8t»tim.-l  Rivhi  by  arched  branches,  a  short  distance  to  the  side 
of  the  vena  cava.  Above  the  level  of  the 
lumbar  arches,  the  vertebral  veins  retain  their 
original  direction.  That  upon  th^  ri^' 
still  receives  all  the  right  intercostal  vci 
becomes  the  vef^a  nzygos  major  (%%  It  also 
receives  a  small  branch  of  communicatiou  from 
its  fellow  of  the  left  side  (Fig.  261,  c),  and  this  branch  soon  enlarges 
to  such  an  extent  as  to  bring  over  to  the  vena  asiygos  mi^or  all  the 
blood  of  the  five  or  six  lower  intercostal  veins  of  the  left  side* 
becoming,  in  this  way,  the  vetia  azygm  minor  (»).    The  six  or  seven 
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upper  iutereostal  veins  on  the  left  side  still  empty,  as  before,  into 
their  own  vertebral  vein  (ni)>  whiob,  joining  the  left  vena  innomi- 
nata  above,  is  known  as  the  supentyr  iniercosial  vein.  The  left  caDal 
of  Cuviep  has  by  this  time  entirely  disappeared;  go  that  all  the 

C^Tenous  blood  liow  enters  the  heart  by  the  superior  or  the  inferior 
Tena  cava.  But  the  original  vertebral  veins  are  still  continuous 
throughout,  though  very  much  diminished  in  size  at  certain  points; 
d^Bince  both  the  greater  and  lesser  azygnus  veins  inosculate  below 
r^Wth  the  superior  lumbar  veins,  and  the  superior  intercostal  vein 
abo  inosculate*  below  with  the  lesser  azygous,  just  before  it  passes 
over  to  the  right  side. 

There  are  stilt  two  parts  of  the  circulatory  apparatus,  the  deve- 
lopment of  which  presents  peculiarities  sufficiently  important  to 
be  described  separately.  These  are,  first,  the  liver. and  the  ductus 
Tenosus,  and  secondly,  the  heart,  with  the  ductus  arteriosus; 

Development  of  the  H*fpatic  Clrcuhtion  and  (h:  3ucUl$  Vmosu8. — 
The  liver  appears  at  a  very  early  period  in  the  upper  part  of  the 
abdomen,  as  a  mass  of  glandular  and  vascular  tissuej  which  ifi  deve- 
loped around  the  upper  portion  of  the 
omphalo-mesenteric  vein,  just  below  its 
termination  in  the  heart.  (Fig.  263.)  As 
soon  as  the  organ  has  attained  a  con- 
siderable size,  the  omphalo-mesenterio 
vein  (i)  breaks  up  in  its  interior  into  a 
capillary  plexus,  the  vessels  of  which 
unite  again  into  venous  trunks,  and  so 
convey  the  blood  finally  to  the  heart. 
Tlie  omphalo-mesenterio  vein  below  the 
liver  then  becomes  llm  pfirial  im n ;  while 
above  the  liver,  and  between  that  organ 
and  the  heart,  it  receives  the  name  of 
the  hepatic  imn  (a).  The  liver,  accord- 
ingly, is  at  this  time  supplied  with  blood  entirely  by  the  portal  r^in, 
coming  from  the  umbilical  vesicle  and  the  intestine;  and  all  the 
blood  derived  from  this  source  must  pass  through  the  hepatic  cir- 
culation before  reaching  the  venous  extremity  of  the  heart. 

But  soon  afterwartl  the  allantois  makes  its  appearance,  and  be- 
comes rapidly  developed  into  the  placenta;  and  the  umbilical  vein 
coming  from  it  joins  the  omphalo- mesenteric  vein  in  the  substance 
of  the  liver,  and  takes  part  in  the  formation  of  the  hepatic  capillary 
plexus.    As  the  umbilical  vesicle,  however,  becomes  atrophied,  and 
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Hkpjltic         C  I  Iter  I.  at  vow 
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th«  intestine  also  rernainis  inactive,  while  the  pkcen^  increosesn 
auGe  and  in  functional  importance,  a  time  soon  arrives  when  the 

liver  receives  more  blood  by  the  lunbilical 
vein  than  by  the  portal  vein.  (Fig.  2W.) 
The  umbilical  vein  then  pasflea  into  ibc 
liver  at  the  longitudinal  fissure,  and  aup- 
plies  the  left  lobe  entirely  with  its  own  ^ 
branches.     To  the  right  it  sends  off  a  larg«       , 
branch  of  communication,  which  opens  ia- 
to  the  portal  vein,  and  partially  ^uppliee 
the  right  lube  with  umbilical  blood.     The 
liver  is  thus  supplied  with  blood  from  two 
different  sources,  the  most  abundant  of 
which  is  the  umbilical  vein;  and  all  tha  i 
biood  entering  the  liver  circulate^  w^  be- 
fore, through  its  capillary  vessels. 

But  we  have  already  seen  that  the  liver  is  much  larger,  iu  pio* 
portion  to  the  entire  body,  at  an  early  period  of  fuetal  life  than  in 
the  later  months.    In,  the  fcetal  pig,  when  very  young,  it  ainoaals 

ta  nearly  twelve  per  oenii.  of  the  i 
weight  of  the  whole  body;  bat  be- ' 
fure  birlli  it  dimiuishes  to  ^eveiiy  six, 
aud  even  three  or  four  per  ocuL  .  Fojp  I 
some    time,   therefore^   previous  to 
birth,  there  is  much  more  bipod  JC- 
turned  from  the  placenta  than  b,i%  ! 
quired  fur  the  capillary  circulAtiuQ 
of  the  liven  Accordingly,  a  vascular 
duct  or  canal  is  formed  in  its  interior, 
by  which  a  portion  of  the  placental 
blood  is  carried  directly  through  the 
organ,  and  conveyed  to  the  bean 
without  having  passed  through  the 
hepatic   capillaries.      This   duct  id 
called  the  Ductus  vmosfi&^ 

The  ductus  venosfus  is  jbrmed  bjr  ft  I 
gradual  dilatation  of  one  of  the  ho- 
patic  capillaries  at  (i)  (Fig,  265),  which,  enlarging  exoesmvely,  be- 
comes at  last  converted  into  a  wide  canaU  or  branch  of  comoiuiii- 
oation.  passing  directly  from  the  umbilical  vein  below  to  the  bepatie 
vein  above.     The  circulatioa  through  the  liver,  tlius  cirtabUshed«  i$ 
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After  the  young  animal  leaves  the  egg,  the  umbilical  vesicle 
^n  some  species  becomes  withered  and  atrophied  by  the  absorption 
_pf  its  contents;   while  in  others,  the  abdominal  walls  gradually 

Fig.  305. 
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extend  over  it,  and  crowd  it  back  into  the  abdomen ;  the  nutritious 
matter  which  it  contained  passing  from  the  cavity  of  the  vesicle 
into  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
umbilical  vesicle  becomes  more  comp»letelj  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication^  as  in  other  instances, beconicB 
gradually  narrowed  by  the  increasing  constriction  of  the  abdominal 
walls.  Here,  however,  the  constriction  proceeds  so  far  that  the 
opposite  surfaces  of  the  canal  come  in  cont^^ict  w^ith  each  other,  and 

ihere ;  so  that  the  narrow  passage  previously 
existing,  between  the  cavity  of  the  intestine 
and  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is  then  connected  with  the 
abdomen  only  by  an  impervious  cord.     This 

3rd  afterward  elongates,  and  becomes  con- 
t"erted  into  a  slender,  thread-like  pedicle  (Fig. 
206),  passing  out  fi'om   the  abdomen  of  the 

Btus,  and  connected  by  its  farther  extremity 

"with  the  umbilical  vesicle,  which  is  filled  witli 

a  transparent,  colorless  fluiJ.     The  umbilical 

Tesicle  is  very  distinctly  visible  in  the  human 

etus  so  late  as  the  end  of  the  third  month. 

Lfter  that  period  it  diminishes  in  size^  and  is  gradually  lost  in  the 

Ivancing  development  of  the  neighbjring  parts. 
In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia* 
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from  right  to  l43ft,  to  be  distributed  to  the  capillaries  of  the  left 

lobe^ 

I]  According  to  Dr.  Goy,  the  umbilical  vein  is  completely  closed  at 

the  end  of  the  fifth  day  after  birtk 

Dtvehpmey^i  of  the  Htari,  and  the  Ductus  Arierioaus, — When  the 
embryonic  circulation  is  first  established^  the  heart  is  aslinpWtabu* 
lar  sac  (Fig.  267)^  receiving  the  veins  at  its  lower  extreiiiity»  ami 
giving  off  the  arterial  trunks  at  its  upper  extremity.  By  the  pro- 
gress of  it^  growth,  it  soon  becomes  twisted  upon  itsolf ;  so  thai  the 
entrance  of  the  veins,  and  the  exit  of  the  arteries,  come  to  be  plao^ 
more  nearly  upon  the  same  horizontal  level  (Fig.  268);  but  the 
entrance  of  the  veins  (t)  is  behind  and  a  little  below,  while  the  exit ' 
of  the  arteries  {2)  is  in  front  and  a  little  above.  The  heart  is,  at 
this  time,  a  simple  twisted  tube;  and  the  blood  passes  through  it 
in  a  single  continuous  stream,  turning  upon  itself  at  the  point  of 
curvature,  and  passing  directly  out  by  the  arterial  orifice. 

Fig.  267,  Fig.  268.  Fig.  269. 
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Soon  afterward,  this  single  cardiac  tube  is  dLvidetl  into  two 
lei  tubes,  right  and  left,  by  ar  longitudinal  partition,  which  gr 
from  the  inner  surface  of  its  walls  and  follows  the  twisU^  course 
of  the  organ  itself  (Fig.  2tJ9.)  This  partition,  which  is  iodicatod 
in  the  figure  by  a  dotted  line,  extends  a  short  distance  into  the 
commencement  of  the  primitive  arterial  trunk,  dividing  ft  into  two 
lateral  halves,  one  of  which  is  in  communication  with  the  right  side 
of  the  heart,  the  other  with  the  left. 

About  the  same  time,  the  pulmonary  branches  (t>  j)  are  given 
off  from  each  side  of  the  arterial  trunk  near  its  origin ;  and  the  \ 
longitudinal  partition,  above  spoken  of,  is  so  placed  that  both  these 
branches  fall  upon  one  side  of  it,  and  are  both,  conaequently,  given 
off  from  that  division  of  the  artery  which  is  oonnecteil  with  the  ligtu 
side  of  the -heart. 


AMNION    AKD   ALLANTOIS. 


m 


CHAPTER   IX. 


[MNION    AND 


A  L L  A  N  TO  I  S .  — D  E  V  E  L  0  P  M  E  N T 
THE   CHICK. 


OF 


We  shall  now  proceed  to  the  descriptioa  of  two  other  accessory 
j^K^i^^i  which  are  formed,  during  the  development  of  the  fecundated 
P^^,  in  all  the  higher  classes  of  animals.  These  are  the  anmion  and 
the  allaniois  ;  two  organs  which  are  always  found  in  company  with 
each  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 

In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 

Spplied  with  moisture,  air,  and  nourishment,  by  the  water  with 
bich  it  is  surrounded.    It  can  absorb  directly  all  the  gaseous  and 
'liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
aod  growth.     The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  plac^  without  difficulty  through  the  simple  membranes  of  the 
egg;   particularly  as  the  time  required  for  the  formation  of  the 
^embryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop- 
^BUt  remains  to  be  accomplished  afler  the  young  animal  leaves 

"But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
ment of  the  foetus  is  longer  The  young  animal  also  acquires  a 
much  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
laiion  necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  aceomplish- 
ment.  This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
is  the  allantois. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inelosed  everywhere,  as  above 
described,  by  the  external   layer,  forming  the  integument;   and 
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consequently  it  can  nowhere  come  in  oontaei  with  the  inresting 
membrane  of  the  egg.  But  in  the  higher  animaH  ^^^  intanol 
blastodermic  layer,  which  is  the  seat  of  the  greatest  vasicuiarity, 
and  >vhich  is  destined  to  produce  the  allantuts^  is  made  to  come  in 
contact  with  the  external  membnuio  of  the  egg  for  purpcwes  of 
exhalation  and  absorption ;  and  this  can  only  be  accompliabed  by 
opening  a  passage  for  it  through  the  external  gcrminatir©  layer. 
This  is  done  in  the  following  manner,  by  the  formation  of  tLo 
amnton. 

Soon  after  the  body  of  the  foetus  has  begun  to  be  formed  by  tba 
thickening  of  the  external  layer  of  the  blastodermic  membrane^ 
a  double  fold  of  this  external  layer  rises  up  on  all  sidea  alMl 
the  edges  of  the  newly-formed  embryo ;  so  that  the  body  of  til 
foetus  appears  as  if  sunk  in  a  kind  of  depression,  and  ^uritituidei 
with  a  Tnembranous  ridge  or  embankment,  as  is 
Fig.  207.  Fig,  207.     The  embryo  (c)  is  here  seen  in  profik. 

with  the  double  membranous  folds,  abovo  mea- 
tioned,  rising  up  just  in  advance  of  Ibe  bendt 
and  behind  the  posterior  extremity.  It  must  hi 
understood,  of  course^  that  the  same  tiling  Ukct 
place  on  the  two  sides  of  the  foetus,  by  ibe  formi^ 
tion  of  lateral  folds  simultaneously  widi  Ai 
appearance  of  those  in  front  and  behind.  JU  it 
is  these  folds  which  are  destined  to  £Dnii  tbe 
amnion,  they  are  called  the  "  amniotic  folds." 

The  amniotic  folds  continue  to  grow^  and  €i* 
tend  themselves,  forward,  backward^  and  lateraDy, 
until  tliey  approach  each  other  at  a  point  omr 
the  back  of  the  fostus  (Fig.  208),  which  is  termed  the  "ainnigOi 
umbilicus  "  Their  opposite  edges  afterward  actually  coma  in  oak* 
tact  with  each  other  at  this  point,  and  adhere  togetheTi  so  id  id 
shut  in  a  space  or  cavity  (Fig.  208,  h)  between  their  inner  sox^ 
and  the  body  of  the  foetus.  This  space,  which  is  filled  with  a  doir 
fluid,  is  called  the  amniotic  cavity.  At  the  same  time^  the  intesliail 
canal  has  begun  to  be  formed,  and  the  umbilical  vesicle  baa  b«9 
partially  separated  from  it,  by  the  constriction  of  the  abdouiioil 
walls  on  the  under  surface  of  the  body. 

There  now  appears  a  prolongation  or  diverticulum  (Fig. ! 
growing  out  from  the  posterior  portion  of  the  intestinal 
following  the  course  of  the  amniotic  fold  which  has  pf 
occupying,  as  it  gradually  enlarges  and  protrudes,  tho  qpaoa  fcft 
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Tacant  by  the  rising  up  of  the  amniatic  fold.    This  diverticuluni 
is  the  commencement  of  the  allantuis*     It  is  an  elongated  mem- 
branous eac,  continuous  with  the  posterior  portion  of  the  intestine, 
and  containing  bloodvessels  derived  from  those 
of  the  intestinal  circulation.    The  cavity  of  the  ^'^^  20S. 

allantois  is  also  continuous  with  the  cavity  of  i 

the  intestine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other^  as  already  described,  over 
the  back  of  the  fcetus,  at  the  amniotic  umbilicus, 
the  adjacent  surfaces,  thus  brought  in  contact, 
fuse  together,  so  that  the  cavities  of  the  two 
folds,  coming  respectively  from  front  and  rear, 
are  separated  only  by  a  single  membranous  par- 
tition (Fig,  209,  e)  running  from  the  inner  to  the 
outer  lamina  of  the  amniotic  folds.  This  parti- 
tion itself  soon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminae  become  consequently  separated  from  each  other.    The 

inner  lamina  (Fit?,  209,  a)  which  remains  con- 

.  ,  .  Flff*  209* 

tinuous  with  the  integument  of  the  foetus,  in-  ^* 

doling  the  body  of  the  embryo  in  a  distinct 
cavity,  is  called  the  amnion  (Fig,  210,  fj\  and 
its  cavity  is  known  as  the  amniotic  cavity. 
The  outer  lamina  of  the  amniotic  fold,  on  the 
otlier  hand  (Fig.  209,  b),  recedes  fartlicr  and 
&nher  from  the  inner,  until  it  corner  in  con- 
tact with  the  original  vitelline  membrane^  still 
eovering  the  exterior  of  the  egg ;  and  by  con- 
tinued growth  and  expansion  it  at  last  fuses 
with  the  vitelline  membrane  and  unites  with 
ItB  sabstance,  so  that  the  two  membranes  form 
but  one*  This  membrane,  formed  by  the  fusion 
and  consolidation  of  two  others,  constitutes  then 
the  external  investing  membrane  of  the  egg. 
The  allantois,  during  all  this  time,  is  increas- 
ing in  size  and  vascularity.  Following  the  course  of  the  amniotio 
folds  as  before,  it  insinuates  itself  between  them,  and  of  course  soon 
comes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  fcetus,  and  bringing  its 
bIs  into  contact  with  the  external  membrane  of  the  egg* 
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Fig   278, 


pusses  tbroagii  the  right  auricle  downward  into  th<j  right  ventricle, 
thence  through  tbc  pulinouary  artery  and  ductus  anerios^u*?,  ioio 
the  thoracic  aorta,  while  the  blood  of  the  inferior  vena  caVix,  enters 
ing  the  left  auricle,  passes  into  the  left  ventricle,  thence  into  the  arch 
of  the  aorta,  and  is  distributed  to  the  head  and  upp^r  r  *  "ties, 
before  reaching  the  Hituation  of  the  arterial  duct.    The  t  ms, 

tlierefore,  in  passing  through  the  heart,  cross  each  other  both  behind 
imtl  ill  front.     The  vtinous  blood,  returning  from  the  head  and 

upper  extremities  bj  the  su|>erior 
vena  cava,  passes  through  the  abdo^ 
minal  aorta  and  the  un. :  rtc- 

ries,  to  the  lower  part  ui  lu-  l^.kIjt, 
and  to  the  placenta;  while  that  to- ( 
turning  from  the  placenta,  by  the 
inferior  vena  cava,  is  dii^tribured  to 
the  head  and  upper  extremities!^ 
through  the  vessels  giveti  off  from  i 
the  arch  of  the  aorta. 

This  division  of  the  streams  of 
blood,  during  a  certaiu   period  of  i 
foetfd   life,  irf  so  complete  that  Dr. 
John  Beid/  on  injecting   th^  infe- 
rior vena  cava  with  r^d,  and  thej 
superior  with  yellow,  in   a  serea 
months*  human  foetus,  found  that 
tlie  red  had  passed  through  the  foramen  ovale  into  the  left  auricle 
and  ventricle  and  arch  of  the  aorta,  and  had  filled  the  vessels  of 
the  head  and  upper  extremities;  while  the  yellow  had  passed  into 
the  right  ventricle,  pulmonary  artery,  ductus  arteriosus,  and  tho-, 
racie  aorta,  with  only  a  slight  admixture  of  red  at  thet  postC^orj 
part  of  the  right  auricle.     All  the  branches  of  the  thoracic  $ad 
abdominal  aorta  were  filled  with  yellow,  while  the  wholo  *'f  tlv 
had  passed  to  the  upper  part  of  tlie  bofly. 
I    We  have  repeated  the  above  experiment  several  times  on  t!ia) 
fetal  pig,  when  about  one-half  and  three-quarters  grown,  first  taking  i 
the  precaution  to  wash  out  the  heart  and  large  vessels  with  a  wa- 
tery injection,  immediately  after  the  removal  of  the  foetus  from  the] 
body  of  the  parent,  and  before  tlie  blood  had  been  allowed  V  * 
late.     The  injections  used  were  blue  for  the  superir<r  veii 
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placed  almost  immediately  underoeath  the  lining  membrane  of  the 
egg-shell.  As  the  cicatricula  is  the  spot  from  which  the  process  of 
embryonic  development  commences,  the  bcnly  of  the  young  foetu? 
is  by  this  arrapgement  placed  in  thd  most  favorable  position  for 
the  reception  of  warmth  and  other  necessary  external  influence? 
through  the  egg-shell.  The  liquelied  albumen  is  also  absorbed  by 
the  vitelline  membrane,  and  the  vitellus  thus  becomes  larger,  softer, 
and  more  diffluent  than  before  the  commencement  of  incubation. , 

As  soon  as  the  circulatA>ry  apparatus  of  the  embryo  has  be$ii 
fairly  formed,  two  minute  arteries  are  seen  to  run  out  from  its 
lateral  edges  and  spread  into  the  neighboring  parts  of  the  blasto- 
dermic membrane,  breaking  up  into  inosc^dating  branches,  and 
covering  the  adjacent  portions  of  the  vitellus  with  a  plexus  of 
capillary  bloodvessels.  The  space  occupied  in  the  blasto<lerraiC 
membrane,  on  the  surface  of  the  vitellus,  by  these  vessels,  is  called 
the  ana  vasculosa.   (Fig.  211.)    It  is  of  a  nearly  circular  shape, 

Fig.  211. 
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and  is  limited,  on  its  outer  edge,  by  a  termimil  vein  or  sings,  called 
ibe  ''sinus  terminalis/*  The  blood  is  returned  to  the  botiy  of  the 
foetus  by  two  veins  which  penetrate  beneath  its  edges,  one  near  the 
head  and  one  near  the  tail. 

The  area  vasculosa  tends  to  increase  in  extent,  as  the  develop- 
ment of  the  foitus  proceeds  and  its  circulation  becomes  more  active. 
It  aoon  covers  the  upper  half,  or  hemisphere,  of  tlje  viteUo^v  fto^d 
the  terminal  sinus  then  runs  like  an  equator  round  the  f 
the  vitelline  sphere.    As  the  growth  of  the  vascular  [ 
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inembranous  rulge,  which  can  exert  no  iDfluence  on  the  dtreettuQ 
of  the  current  of  blood  passing  by  it.  Thus,  the  cavity  of  the  infe- 
rior vena  cava,  at  iu  tipper  tjxtrcniity,  ceases  to  be  sepnrmted  from 
that  of  the  right  auricle;  and  a  passage  of  blood  fix>ra  one  to  the 
other  may,  therefore^  more  readily  take  place. 

Thirdly,  the  foramen  ovale  becomes  partially  closed  by  a  valv« 
which  passes  across  its  orifice  from  behind  forward.  This  valve, 
which  begins  to  be  formed  at  a  very  early  period,  ia  cal*-^  '^ 
valve  of  t}i$  foramen  ovalt*.  It  consists  of  a  thin,  fibrous  shet- 
grows  from  the  posterior  surfaee  of  the  aaricnlar  cavity,  just  to  the 
left  of  the  foramen  ovale,  and  projects  into  the  left  auriclev  its  fw 
edge  presenting  a  thin  crescentic  border,  and  being  attach^xl^  by  its 
two  extremities,  to  the  auricular  septum  upon  the  left  side,  Thia 
valve  does  not  at  first  interfere  at  all  with  the  flow  of  blood  from 
right  to  left,  since  its  edge  hangs  freely  and  loosely  into  the  ctmXj 
of  the  left  auricle.  It  only  opposes,  therefore,  during  the  earlr 
periods,  any  accidental  regurgitation  from  left  to  right. 

But  as  gestation  advances,  while  the  walls  of  ihi;  nt.-ur 
tinue  to  enlarge,  and  its  cavities  to  expand  in  every  direction, 
fibrous  bundles,  forming  the  valve,  do  not  elongate  in  proportio 
The  valve,  accordingly,  becomes  drawn  downward  more  and  more^ 
toward  the  foramen  ovale.  It  thus  comes  in  contact  with  the  edges 
of  the  interauricular  septum^  and  unites  mth  ita  substance;  the 
adhesion  taking  place  first  at  the  lower  and  posterior  portion,  and 
proceeding  gradually  upward  and  forward,  so  as  to  make  the  pas- 
sage, from  the  right  auricle  to  the  left,  more  and  more  oblique  ia] 
direction. 

At  the  same  time,  an  alteration  takes  place  in  the  position  of  1 
inferior  vena  cava.     This  vessel,  which  at  first  looked  transvemelj : 
toward  the  foramen  ovale,  becomes  directed  more  obliquely  for- 
ward; so  that,  tlie  Eustachian  valve  having  mostly  disappeared^  a  ^ 
part  of  the  blood  of  the  inferior  vena  cava  enters  the  right  auricK 
while  the  remainder  still  passes  through  the  equally  oblique  open 
ing  of  the  foramen  ovale. 

At   the  |)eriod  of  birth  a  change   takes   place,  by  whicli   the 
foramen  ovale  is  completely  occluded,  and  all  the  blood  coming  I 
through  the  inferior  vena  cava  is  turned  into  the  right  auriclo. 

This  change  depends  upon  the  commencement  of  re^jii ration. ! 
A  much  larger  quantity  of  blood  than  before  ia  then  sent  lo 
lungs,  and  of  course  returns  from  them  to  the  left  auricle,    *! 
left  auricle,  being  then  completely  filled  with  the  pulmonary  blood, 
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The  procesB  of  development  may  tboQ  be  briefly  reoapitukted  as 
follows: — 

1.  The  Uastodeniiic.  membrane,  produced  by  the  legmentation 
of  the  vitellas,  coosisis  c^  two  cellular  layers^  viz^  an  external  and 
an  iotemal  blastodermiclayer. 

2.  The  external  layer  of  the  blastodermic  m^abirane  incloses  by 
its  dorsal  plates  the  oerebro-spinal  canal,  and  by  its  abdominal 
plates  the  abdominal  or  visceral  cavity. 

8.  The  internal  layer  of  the  blastodermic  membrane  forms  the 
intestiiial  canal,  which  becomes  lengthened  and  convoluted,  and 
communicates  with  the  ei^terior  by  a  mouth  and  anus  of  secondary 
formatioiL 

4.  Finally  the  cerebro-spinal  axis  and  its  nerves,  the  skeleton 
the  organs  of  special  sense,  the  integument,  and  the  muscles,  are 
developed  from  the  external  blastodermic  layer ;  while  the  antenor 
and  posterior  extremities  are  formed  from  the  same  layer  by  a  pro- 
cess of  sprouting^  or  coatintious  growth. 
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THE   UMBILICAL  VESICLE. 

In  the  frog,  as  we  Jiave  seen,  the  abdominal  plates,  cloadag 
together  in  front  and  underneath  the  body  of  the  animal,  shut  in 
directly  the  whole  of  the  vitellus,  and  join  each  other  upon  tW 
median  line,  at  the  umbilicus.  The  whole  remains  of*  the  viteUai 
are  then  inclosed  in  the  abdomen  of  the  animal,  and  in  the  iotcstiaal 
sac  formed  by  the  internal  bkistodermic  layer. 

In  many  instances*  however,  as,  for  example,  in  aeveral  kinda  of 
fish;  and  in  all  the  birds  and  quadrupeds,  the  abdominal  plat^  do 

not   immediately  embrace   the  whole  ift 
Fig.  204.  the   vitelline    mass,  but    ten4    to   dom 

together  about  its  middle;  so  that  tlw 
vitellud  is  constricted^  in  this  way^  ami 
divided  into  two  portions:  one  intomal 
and  one  external.  (Fig.  204.)  As  tk 
])roce,ss  of  development  proceed^  the  body 
of  the  foetus  increases  in  size,  oat  of  pTOr 
portion  to  the«vitelline  sao^  and  the  QOQ- 
striction  just  mentioned  beoomes  at  the 
same  time  more  strongly  marked;  so  thai 
the  separation  between  the  internal  and  external  portions  of  the 
vitelline  sac  is  nearly  complete,  (Fig.  205.)  The  internal  layer  «( 
the  blastodermic  membrane  is  by  the  same  means  divided  iato 
two  portions,  one  of  which  forms  the  intestinal  canal,  while  iU 
other,  remaining  outride,  forms  a  sac-like  appendage  to  the  ahd»^ 
men,  which  is  known  by  the  name  of  the  funbtUeal  tw**^- 

The  umbilical  vesicle  ts  accordingly  lined  by  n  po::  il« 

internal  blastodermic  layer^  continuous  with  the  muooua  tnembmtf 
of  the  intestinal  canal ;  while  it  is  covered  on  the  oatgide  by  a  por* 
tion  of  the  external  blastodermic  layer,  continuous  with  the  iotcgQp 
ment  of  the  abdomen. 
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Aft-er  tbe  young  animal  leaves  the  egg,  the  umbilical  yesicle 
ia  some  species  becomes  withered  and  atrophied  by  the  absorption 
^ita  contents;   while  in  others,  tbe  abdominal  walla  gradually 

Fig.  205. 


TT 


extend  over  it,  and  crowd  it  baok  into  the  abdomen ;  the  nutritious 

latter  which  it  contained  passing  from  the  cavity  of  the  vesicle 

no  that  of  the  intestine  by  the  narrow  passage  or  canal  which 

smaina  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
imbilical  vesicle  becomes  more  completely  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication,  as  in  other  instances,  becomes 
gradually  narroweil  by  the  increasing  constriction  of  the  abdominal 
walls.  Here,  however^  the  constriction  proceeds  so  fiir  that  the 
opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 

Ihere;  so  that  the  narrow  passage  previously 

listing,  between  the  cavity  of  the  intestine 
ind  that  of  the  umbilical  vesicle,  is  obliterated, 
^ttnd  the  vesicle  is  then  connected  with  the 
abdomen  only  by  an  impervious  cord.  This 
cord  afterward  elongates,  and  becomes  con- 
rerted  into  a  slender,  threadlike  ]>edicle  (Fig. 

36),  passing  out  from   tbe  abdomen  of  the 

Btua,  and  connected  by  its  farther  extremity 

rith  the  umbilical  vesicle,  which  is  filled  with 
Fa  transparent,  colorless  fluid.     The  umbilical 
vesicle  is  very  distinctly  visible  in  the  human 

Ejtirs  so  late  as  the  end  of  the  third  month, 

Lfter  that  period  it  diminishes  in  siz.e,  and  is  gradually  lost  in  the 

Ivancing  development  of  the  neigh bt^ring  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia- 


Fig.  2oe. 


HltMA^   EwnRTO,  with 
fifth  %rcek. 


676  DBVKLoFMffjTT  OF   THE   BODY   AFTfiR   BIBX0. 

seema  to  be  aocorapliahed,  during  this  period,  to  a  consid€ 
extent  through  the  skin,  which  is  remarkably  Boft,  yascular^  i 
ruddy  in  color.  The  animal  heat  is  also  less  actively  generated 
tha%  in  the  adult,  and  requires  to  be  sustained  by  carefal  protec- 
tion, and  by  contact  with  the  body  of  the  mother.  The  young 
infant  sleeps  during  the  greater  part  of  the  time;  and  even  whenj 
awake  there  are  bnt  few  manifestations  of  intelSgeiiee  or  piiMp» 
tion.  The  special  senses  of  sight  and  hearing  are  dull  and  inex- 
citable,  though  ttujir  organs  are  perfectly  formed;  and  even 
consciousness  seems  present  only  to  a  very  limited  extent  Volun- 
tary motion  and  sensation  are  nearly  absent  j  and  the  almost  con- 
stant irregular  movements  of  the  limbs,  observable  at  this  time,  ^ 
are  evidently  of  a  reflex  or  automatic  character.  Nearly  all  the  H 
nervous  phenomena,  indeed,  presented  by  the  newly-born  infant, 
are  of  a  similar  nature.  The  motions  of  its  hands  and  feet,  the  ajot 
of  suckling,  and  even  its  cries  and  the  contortions  of  its  face,  anj 
•Tteflex  in  their  origin,  and  do  not  indicate  the  existence  6f  any 
4ictive  volition,  or  any  distinct  perception  of  external  objeoUi 
There  is  at  first  but  little  nervous  connection  established  with  tbe 
external  world,  and  the  system  is  us  yet  almost  exclusively  oocii* 
pied  with  the  functions  of  nutrition  and  respiration. 

This  preponderance  of  the  simple  reflex  actions  in  the  nerrom 
system  of  the  infant,  is  observable  even  in  the  diseases  to  which  it 
is  peculiarly  subject  for  some  years  after  birth.  It  is  at  this  age 
that  convulsions  from  indigestion  are  of  most  frequent  occurrence, 
and  even  temporary  strabismus  and  paralysis,  resulting  from  the 
same  cause.  It  is  well  known  to  physicians,  moreover,  that  the 
effect  of  various  drugs  upon  the  infant  is  very  di&erent  from  tfail 
which  they  exert  ufjon  the  adult.  Opium,  for  example,  i^  vcfy 
much  more  active,  in  proportion  to  the  dose,  in  the  infant  than  in 
the  adult  Mercury,  on  the  other  hand,  produces  salivation  with 
greater  difficulty  in  the  former  than  in  the  latter.  Blisters  excite 
more  constitutional  irritation  in  the  young  than  in  the  old  subject; 
and  imtimony,  when  given  to  children,  is  proverbially  tiueeitaia 
and  dangerous  in  its  operation. 

The  difference  in  the  anatomy  of  the  newly -born  infant,  and  that 
of  the  adult,  may  be  represented,  to  a  certain  extent,  by  the  fol* 
lowing  list,  which  gives  the  relative  weight  of  the  most  important 
internal  organs  at  the  period  of  birth  and  that  of  ad\iH  agQ ;  tho 
weight  of  the  entire  body  being  reckoned,  in  each  case^  us  lOM 
The  relative  weight  of  the  adult  organs  has  been  calculated  Irom 
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'  "Wk  shall  now  proceed  to  the  description  of  two  other  accessory 
organs,  which  are  formed,  daring  the  development  of  the  fecundated 
J,  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
I  allantois;  two  organs  which  are  always  found  in  company  with 
^h  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
^pihe  blastodermic  membrane,  the  allantois  from  the  internal  layer* 
~ln  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
supplied  with  moisture,  air,  and  nourishment,  by  the  water  with 
which  it  is  surrounded.  It  can  absorb  directly  all  the  gaseous  and 
liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
and  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  place  without  difficulty  through  the  simple  membranes  of  the 
^gg;   particularly  as  the  time  required  for  the  formation  of  the 

fbryo  is  very  shorty  aod  as  a  great  part  of  the  process  of  develop- 
nt  remains  to  be  aoeompUshed  i^er  the  young  animal  leaves 
egg. 
I  But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
bnt  of  the  fcetus  is  longer.  The  young  animal  also  acquires  a 
kch  more  perfect  organization  during  the  time  that  it  remains 
closed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
it  This  special  organ,  destined  to  bring  the  blood  of  the  fcetus 
relation  with  the  atmosphere  and  external  sources  of  nutrition, 
is  the  allantois. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
described,  by  the  external  layer,  forming  the  integument;   and 
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tbe  first  set  of  teeth  are  thrown  off  and  replaced  by  a  eecood 
permanent  set,  difiering  in  number,  size,  and  shape  from  them  ' 
which  preceded.  The  anterior  permanent  molar  first  shows  it^lf 
just  behind  the  posterior  temporary  molar,  on  each  siiJe.  Thij 
happens  at  about  six  and  a  half  years  after  birth.  At  the  end  of 
the  seventh  year  the  middle  incisors  are  thrown  off  and  replaced 
by  corresponding  permanent  teeth,  of  larger  size.  At  the  eighth  . 
year  a  similar  exchange  takes  place  in  the  lateral  incisors.  la  the 
ninth  and  tenth  years^  the  anterior  and  second  molars  are  replaced 
by  the  anterior  and  second  permanent  bicnspidsp  In  the  twelfth 
year,  the  canine  teeth  are  changed.  In  the  thirteenth  year,  the 
second  permanent  molars  show  themselves ;  and  from  the  seren- 
teenth  to  the  twenty-first  year,  the  third  molars,  or  *'  wisdom  teelh,** 
emerge  from  the  gums,  at  the  posterior  extremities  of  the  detitnl 
arch.  (Wilson.)  The  jaw,  therefore,  in  the  adult  condition,  containa 
three  teeth  on  each  side  more  than  in  childhood,  making  in  all 
thirty-two  permanent  teeth ;  viz.,  on  each  side,  above  and  below, 
two  incisors,  one  canine,  two  bicuspids,  and  three  peramueut 
molars. 

The  entire  generative  apparatus^  which  is  still  altogether  inactive 
at  birth,  begins  to  enter  upon  a  condition  of  functional  activity 
from  the  fifteenth  to  the  twentieth  year.  The  entire  configuration 
of  the  body  alters  in  a  striking  manner  at  this  period,  and  the  dis- 
tinction  between  the  sexes  becomes  more  complete  and  well 
marked.  The  beard  is  developed  in  the  male ;  and  in  the  fenmld 
the  breasts  assmne  the  size  and  form  characteri.stic  of  the  condition 
of  puberty.  The  voice,  which  is  shrill  and  sharp  in  infancy  and 
childhood,  becomes  deeper  in  tone,  and  the  countenance  assumes  a 
more  sedate  and  serious  expression.  After  this  period,  the  mus- 
cular system  increases  still  further  in  size  and  strength,  and  the 
consolidation  of  the  skeleton  also  continues;  the  bony  union  of  its 
various  parts  not  being  entirely  accomplished  until  the  twenty -fifth 
or  thirtieth  year.  Finally,  all  the  different  organs  of  the  hpdy 
arrive  at  the  adult  condition,  and  the  entire  process  of  development 
is  then  complete. 
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By  a  continuation  of  the  abov^  process,  the  ailantois  nt  Ual 
grows  to  such  an  extent  as  to  envelope  completely  the  body  of  tbt 

embryo,  together  with  the  amnioit 
Fig,  210.  extremities  coming  in  contact  \^       m 

other  and  fusing  together  over  the  back  of 
^^e     tlie  fcctus,  just  as  the  amniotic  ' 

previously  done.  (Fig.  210.)   It  liii^  .  . 

fore^  tbe  whole  internal  surface  of  tli 

vesting  membrane  with  a  flattene^J^  v; 

lar  sac,  the  ves^ls  of  which  come  froni 

interior  of  the  body  of  the  foetus,  and  ^v  i 

still  communicates  with  the  cavity  of 

intestinal  canal. 

It  is  evident,  from  the  above  descriptioti 

that  there  is  a  close  connection  betwe' 
formation  of  the  amnion  and  that  of  the  allantois.     For  il  1^ 
in  this  manner  that  the  allantois,  which  U  rm  extension  of  lb    ^ 
ternal  layer  of  the  blastodermic  membraii  tme  to  be  situato; 

outside  the  fcetus  and  the  amnion,  and  be  brought  into  ^Jlitl- 
with  external  surrounding  media.     The  two  lanunio  of  ihe  aruh 
otic  folds,  in  fact>  by  separating  from  each  other  as  above  dt^^^Tilxi 
open  a  passage  for  tlie  allantoid,  and  allow  it  U>  como  in  oooti4 
with  the  external  membrane  of  ti 

In  order  to  explain  more  fuli  |  hysiological  actjon  oftk 

allantois,  we  shall  now  proceed  to  describe  the  process  of  develop* 
ment,  as  it  takes  place  in  the  egg  of  the  fowl. 

In  order  that  the  embryo  may  be  properly  developed  in  m 
case,  it  is  essential  that  it  be  freely  supplied  with  air,  warmsk 
moisture,  and  nourishment.     The  egg  of  the  '      ' 
when  discharged  from  the  generative  paaisagc-  ^         t  ,.j4ii  .|u.. 
of  moisture  and  albuminous  material.     The  uct  ossary  warriitii  i 
supplied  by  the  body  of  the  parent  during  incubation ;  whib 
atmospheric  gase^  can  pass  and  repass  through  tbe  porous 
shell,  and  by  endosmosis  through  the  fibrous  membranea  i 
line  it^  cavity. 

When  the  egg  is  first  laid,  the  viteUas^  or  yolk,  is  »^nvel 
a  thick  layer  of  semi-solid  albumen.     On  the  commenceni 
incubation,  a  liquefaction  takes  place  in  the  albumen  immoi^ 
above  that  part  of  the  vitellns  which  is  occupied  by  t  • 
cula ;  so  that  t!ie  vitellns  rises  or  floats  upward  toward  thtr 
by  virtue  of  its  specific  gravity,  and  the  eicatricula  comei 
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tinues,  it  passes  this  pointy  and  embraces  more  und  more  of  tbe  io^ 
ferior,  as  well  as  of  the  superior  hemisphere,  the  vessels  coiivergiog 
toward  its  under  surface,  until  at  last  nearly  the  whole  of  \ht 
vitellus  is  covered  with  a  network  of  inosculating  capillaries. 

The  function  of  the  vessels  of  the  area  vasculosa  is  to  ahderb 
nourishment  from  the  cavity  of  the  vitelline  sac.  As  tho  albosnea 
]iquofies  during  the  process  of  incubation,  it  passes  by  endosmoav 
more  and  more  abundantly,  into  the  vitelline  cavity;  tbe  whol 
vitellus  growing  constantly  larger  and  more  fluid  in  consijJiteacy; 
The  blood  of  the  foetus,  thetf  circulating  in  tbe  vessels  of  the 
vasculosa,  absorbs  freely  the  oleagino-albuminous  matters  of 
vitellus,  and,  carrying  them  back  to  the  fcetus  by  the  returmi 
veins,  supplies  the  newly-formed  tissues  and  organs  wiUa  »biiih 
dance  of  appropriate  nourishment. 

During  this  period  the  amnion  and  the  allantois  have  beeo  ai» 
in  process  of  formation.     At  first  the  body  of  the  fcetus  lies  n\m 
its  abdomen,  as  in  the  cases  previously  described ;  but,  as  it  incrcuca 
in  sise,  it  alters  its  position  so  as  to  lie  more  upon  its  aide. 
allantois  then,  emerging  from  the  posterior  portion  of  the  abdo] 
cavity,  turns  directly  upward  over  the  body  of  the  fc&tus,  and  ooi 
immediately  in  contact  with  the  shell  membrane*   (Fig.  212-) 


Fig.  212. 
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then  spreads  out   rapidly,  extending  toward  the 
down  the  sides  of  the  egg,  enveloping  more  and  : 
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foetus  and  the  Titelline  sac,  and  taking  tlie  place  of  the  albumen 
irhich  has  been  liquefied  and  absorbed. 

It  will  also  be  seen,  by  reference  to  the  figure,  that  the  umbiUcal 

vesicle  is  at  the  same  time  formed  by  the  separation  of  part  of  tfaa 

^■itellus  from  the  abdomen  of  the  chick ;  and  the  vessels  of  the  area 

^B|milo8a,  which  were  at  first  distributed  over  the  vitellus,  now 

^^^^v,  of  course,  upon  the  surface  of  the  umbilical  vesicle. 

At  last  the  allantois,  by  its  continued  growth,  envelopes  nearly 
whole  of  the  remaining  contents  of  the  egg ;  so  that  toward  the 
2r  periods  of  incubation^  at  whatever  point  we  break  open  the 
^g,  we  find  the  internal  surface  of  the  shell-membrane  lined  with 
vascular  membranous  expansion,  supplied  by  arteries  which 
aerge  from  the  abdomen  of  the  footus. 

[It  is  easy  to  see,  accordingly,  with  what  readiness  the  absorption 

[id  exhalation  of  gases  may  take  place  by  means  of  the  allantois, 

^ffihe  air  penetrates  from  the  exterior  through  the  minute  pores  of 

^Be  calcareous  shell,  and  then  acts  upon  the  blood  in  the  vessels  of 

'  "the  allantois  very  much  in  the  same  manner  that  the  air  in  the  minute 

bronchial  tubes  and  air* vesicles  of  the  lungs  acts  upon  the  blood  in 

f^^he  pulmonary  capillaries.  Examination  of  the  egg,  furthermore, 
various  periods  of  incubation,  shows  that  changes  take  place  in 
'vvhich  are  entirely  analogous  to  those  of  respiration. 
The  egg,  in  the  first  place,  during  its  development,  loses  water  by 
exhalation.  This  exhalation  is  not  a  simple  effect  of  evaporation, 
but  is  the  result  of  the  nutritive  changes  going  on  in  t!ie  interior 
of  the  egg;  since  it  does  not  take  place,  except  in  a  comparatively 
slight  degree,  in  unimpregnated  eggs,  or  in  those  which  are  not 
incubated,  though  they  may  be  freely  exposed  to  the  air.  The 
l^xhalation  of  fluid  is  also  essential  to  the  processes  of  development, 
B>r  it  has  often  been  found,  in  hatching  eggs  by  artificial  warmth, 
that  if  the  air  of  the  chamber  in  which  they  are  inclosed  become 
unduly  charged  with  moisture,  so  as  to  retard  or  prevent  further 
exhalation,  the  eggs  readily  become  spoiled,  and  the  development 
of  the  embryo  is  arrested.  The  loss  of  weight  during  natural  incu- 
bation, principally  due  to  the  exhalation  of  water,  has  been  found 
Baudrimont  and  St.  Ange*  to  be  over  15  per  cent,  of  the  entire 
ighl  of  the  egg. 

Secondly,  the  egg  absorbs  oxygen  and  exhales  carbonic  acid. 
ae  two  observers  mentioned  above,  ascertained  that  during  eigh- 
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teen  days'  incubation,  the  egg  absorbs  nearly  2  per  cent  of  iti 
weight  of  oxygen,  while  the  quantity  of  uarbi>iiic  acid  exlialcd  fifom  j 
the  sixteenth  to  the  nineteenth  day  of  mcubation  amotmls  tODO  la 
than  3  grains  in  the  twenty-four  hours.^    It  is  curious  to  abaen^ 
also,  that   in  the  egg  during  incubation,  as  well  as  in  th«  adult , 
animal,  more  oxygen  is  absorbed  than  is  returned  by  exhalation 
under  the  form  of  carbonic  acid. 

It  is  evident,  therefore,  that  a  true  respiration  takes  places  by  I 
means  of  the  allantois,  through  the  membranes  of  the  shell. 

The  allantois,  however,  is  not  simply  an  organ  of  respiration; : 
takes  part  also  in  the  absorption  of  nutritious  matter.    As  the  pro- 1 
cess  of  development  advances,  the  skeleton  of  the  yaung  chick,  all 
first  entirely  cartilaginous,  begins  to  ossify.     The  calcareoos  mit^f 
ter,  necessary  for  this  ossification,  is^  in  all  probability,  derived  from 
the  shell.     The  shell  is  certainly  lighter  and  more  fragile  toward 
the  end  of  incubation  than  at  first ;  and,  at  the  same  time,  the  cil- 
careous  ingredients  of  the  bones  increase  in  quantity.     The  Iixdc-J 
salts,  requisite  for  the  process  of  ossification,  are  apparently  ib^l 
sorbed  from  the  shell  by  the  vessels  of  the  allantois^  and  by  them] 
transferred  to  the  skeleton  of  the  growing  chick;  so  thaV  in  the  J 
same  proportion  that  the  former  becomes  weaker,  the  latter  growi  j 
stronger.     This  diminution  in  density  of  the  shell  is  conned^  i 
only  with  the  development  of  the  skeleton,  but  also  with  the  ftoill 
escape  of  the  chick  from  the  egg.    This  deliverance  is  accomplish^ 
mostly  by  the  movements  of  the  chick  itself  which  become^  at  a  J 
certain  period,  sufficiently  vigorous  to  break  out  an  opening  in  tie^j 
attenuated  and  weakened  egg-shelh     The  first  fracture  is  generally  j 
accomplished  by  a  stroke  from  the  end  of  the  bill;  and  it  isp^^j 
cisely  at  this  point  that  the  solidification  of  the  skeleton  ismoe*' 
advanced.     The  egg-shell  itself,  therefore,  which  at  first  only  serves 
for  the  protection  of  the   imperfectly-formed   embryo,  aiierwardj 
furnishes  the  materials  which  are  used  to  accomplish  its  own  deaiO-| 
lition,  and  at  the  same  time  to  eflect  the  escape  of  the  fully  def^l 
loped  foetus. 

Toward  the  latter  periods  of  incubation,  the  allantois  beconMij 
more  and  more  adherent  to  the  internal  surface  of  the  shcll-iu^a- j 
brane.     At  last,  when  the  chick,  arrived  at  the  full  period  of  <te- 
velopment,  escapes  from  its  confinement,  the  allantoic  vesselairel 
torn  oS  at  the  umbilicus ;  and  the  allantois  itself,  c^l  off  as  a  uao- ; 
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After  the  young  animal  leaver  the  egg,  the  umbilical  vesicle 
in  some  species  becomes  withered  and  atrophied  by  the  absorption 
its  contents;   while  in  others,  the  abdominal  walk  gradually 

Fig.  205. 


extend  over  it,  and  crowd  it  back  into  the  abdomen  j  the  nutritious 
matter  which  it  contained  passing  from  the  ca\nty  of  the  vesicle 
into  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
umbilical  vesicle  becomes  more  completely  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication^  as  in  other  instances,  becomes 
gradually  narrowed  by  the  increasing  constriction  of  the  abdominal 
walls.  Here,  however^  tbe  constriction  proceeds  so  fiir  that  the 
opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 

Ihere;  so  that  the  mtrrow  passage  previously 
existing,  between  the  cavity  of  the  intestine 
and  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is  then  connected  with  the 
abdomen  only  by  an  impervious  cord.     This 

>rd  afterward  elongates,  and  Ijecomes  con- 
certed into  a  slender^  thread-like  pedicle  (Fig. 
i06),  passing  out  from   the  abdomen  of  the 

atus,  and  cotmected  by  its  farther  extremity 

ith  the  urabilical  vesicle,  which  is  filled  with 

transparent,  colorless  fluid.  Tbe  umbilical 
Vesicle  is  very  distinctly  visible  in  the  human 

etus  so  late  as  the  end  of  the  third  month. 

Lfter  that  period  it  diminishes  in  size,  and  is  gradually  lost  in  the 

Ivancing  development  of  tlte  neighboring  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia- 
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CHAPTER   X. 

DEYELOPMENT   OF    THE   EGG   IN    THE    HUMi^K 
SPECIES.— FORMATION  OF  THE  CHORION. 


Wk  have  already  described,  ia  a  preceding  cliapter,  tlio  mamief 
in  which  the  outer  lamina  of  the  amniotic  fold  becomes  adherent 
to  the  adjacent  surface  of  the  vitelline  membrane,  so  as  to  foi 
with  it  but  a  ^single  layer ;  and  in  which  these  two  membranea^  tkm 
fused  and  united  with  each  other,  form  at  that  time  the  single  €X-    i 
ternal  investing  membrane  of  the  egg.     The  allantoic,  in  itg  tujn,  m 
afterward  oomes  in  contact  with  the  investing  membrane^  and  Im  " 
immediately  beneath  it^  as  a  double  vascular  membranous  sac    la 
the  egg  of  the  human  subject  the  development  of  the  membrftne^ 
though  carried  on  essentially  upon  the  same  plan  with  that  irhidi 
we  have  already  described,  undergoes,  in  addition^  some  fu 
modifications,  which  we  shall  now  proceed  to  explain. 

The  first  of  these  peculiarities  is  that  the  allantois,  afier  spreaJl 

ingout  upon  the  inner  c^urfaoeoT^ 
^^'       '  the  external  investing  membraoA 

adheres  to,  and  fuses  with  it,  josi  I 
as  the  outer  lamina  of  the  amni- 
otic   fold    has   previously   fu^ed 
with  the  vitelline  membraiie.   M  j 
the  same  time,  the  two  layers  te  1 
longing  to  the  allantois  itself  atoj 
come  in  contact  and  fuse  tog^, 
ther ;    so  that  the  cavity  of  tho 
allantois  is  obliterated,  and  instead ' 
of  forming  a  membranouis  g^cooo- 
taining  fluid,  thia  organ  ia  conw9t' ' 
ed  into  a  simple  vascutar  mmnbrnmL  j 
(Fig,    213.)      Tliis    mtmlina^l 
moreover,  being,  after  a  time,  thoroughly  fused  and  unilod  niUi  ihfi 
two  which  have  preceded  it^  takes  the  place  which  was  previooBly  j 
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CHAPTER   IX. 


AMNION    AND 


A  LLANTO  IS.— DEVELOPMENT 
THE   CHICK. 


OF 


We  shall  now  proceed  to  the  descriptioa  of  two  other  accessory 
ELQS,  which  are  formed,  doring  the  development  of  the  fecundated 
,  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
I  allaniois;  two  organs  which  are  always  found  in  company  with 
^ach  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  tlie  internal  layer. 
In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
ipplied  with  moisture,  air,  and  nourishment,  by  the  water  with 
Ikich  it  is  surrounded*  It  can  absorb  directly  al!  the  gaseous  and 
luid  substances,  which  it  requires  for  the  purposes  of  nutrition 
ad  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
id,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
Ike  place  without  difficulty  through  the  simple  membranes  of  the 
particularly  as  the  time  required  for  the  formation  of  the 
ibryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop- 
ment remains  to  be  accomplished  after  the  young  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
ent  of  the  foetus  is  longer.  The  young  animal  also  acquires  a 
iich  more  perfect  organization  during  the  time  that  it  remains 
^closed  within  the  egg;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
ment. This  special  organ,  destined  to  bring  the  blood  of  the  fcetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
I  the  allanOiis, 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 

je  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 

bribed,  by  the  external  layer,  forming  the  integument;   and 
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has  gone  on  for  some  time,  the  external  surface  of  the  chorioQ  pre- 
sents a  uniformly  velvety  or  shaggy  appearance,  omng  to  its  hdug 
covered  everywhere  with  these  tufted  and  compound  villositiea. 

The  villosities  themselves,  when  examined  by  the  microscope. 
have  an  exceedingly  well- marked  and  characteristic  appeanmce. 
(Fig.  214.)     They  originate  from  the  surface  of  the  chorion  hx  1 1 

somewhat  narrow  stem,  and  divide  j 
into  a  multitude  of  eecondary  aod 
tertiary   branches^  of  varying  ^x^ 
and  figure;   some  of  them   deader 
and  filamentous,  others  club-shaped. , 
many  of  them  irregularly  swollen  il 
various  points.    All  of  them  tcrmi- 1 
nate  by  rounded  extremities,  giriny  j 
to  the  whole  tnfl  a  certain  resem- 
blance to  some  varieties  of  sea-veed. 
The  larger  trunks  and  branctvesof 
the  villosity  are  seen  to  contain  dh* 
merous  minute  nuclei,  imbedded  m  ' 
a  nearly  homogeneous^  or  finely  gn-  j 
nular  substratum.    Thei^f      '       nfs* 
appear,    under    a    low    ii  .„       loj 
power,  simply  granular  in  texture. 

These  villi  are  altogether  peculiar 
in  appearance,  and  quite  unlike  nay 
other  structure  which  may  be  met  with  in  the  body.  Whenever  we 
find,  in  the  uterus,  any  portion  of  a  membrane  having  vi1]o«itiici 
like  these,  we  may  be  sure  that  pregnancy  has  existed ;  for  siwA 
villosities  can  only  belong  to  the  chorion,  and  the  chorion  iisdf  b 
a  part  of  the  fcetus.  It  is  developed,  as  we  have  seen,  as  an  wrt-  < 
growth  from  the  intestinal  canal,  and  can  only  exist,  accopdingfy^ 
as  a  portion  of  the  fecundated  egg.  The  presence  of  portions  of  t 
shaggy  chorion  is  therefore  as  satisfactory  proof  of  tha  existence  ' 
of  pregnancy,  as  if  he  had  found  the  body  of  the  fcetus  itself 

While  the  villosities  which  we  have  just  described  are  in  pr^  j 
cess  of  formation,  the  allantois  itself  has  completed  its  growth,  mil 
has  become  converted  into  a  permanent  chorion.    The  bloodvoMb 
coming  from  the  allantoic  arteries  accordingly  ramify  over  ihf 
chorion^  and  supply  it  with  a  tolerably  abundant  vascular  ii€iwi>rt 
The  growth  of  the  fcBtus,  moreover,  at  this  time,  has  reached  fodi ' 
a  state  of  activity,  that  it  requires  to  be  supplied  wilh  nourialmitflt  j 
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anl  by  the  riBmg  up  of  the  amniotio  fold.    This  diverticultim 

"S  the  commencement  of  the  allantois*  It  is  an  elongated  mem- 
branous sac,  continuous  with  the  posterior  portion  of  the  intestine, 
and  containing  bloodvessels  derived  from  those 
of  the  intestinal  clrciilation.  The  cavity  of  the 
Allantois  is  also  continuous  with  the  cavity  of 

I  the  intestine, 

^■SA^fler  the  amniotio  folds  have  approached  and 

^■ftched  each  other,  as  alrc^ady  described,  over 

^M  back  of  the  fcotui^,  at  the  amniotic  umbilicus, 

^B  adjacent  surfaces,  thus  brought  in  contact, 

^se  together,  so  that  the  cavities  of  the  two 
folds^  coming  respectively  from  front  and  rear, 
are  separated  only  by  a  single  membranous  par- 

I^Kon  (Fig,  209,  c)  running  from  the  inner  to  the 

^Bter  lamina  of  the  amniotio  folds.     This  parti- 
tion itself  soon  after  atrophica  and  disappears ;  and  the  inner  and 
outer  lamina)  become  consequently  separated  from  each  other.    The 

|A|l2er  lamina  (Fig,  200,  a)  which  remains  con* 

^Buous  with  the  integument  of  the  foatus,  in* 
closing  the  body  of  the  embryo  in  a  distinct 

I  pity,  is  called  the  amnion  (Fig*  210,  b),  and 
p  cavity  is  known  as  the  amniotic  cavity, 
■e  outer  lamina  of  the  amniotio  fold,  on  the 
[her  hand  (I'ig.  209,  i),  recedes  farther  and 
ither  from  the  inner,  until  it  comes  in  ci-m- 
,tact  with  the  original  vitelline  membrane,  still 
sring  the  exterior  of  the  egg;  and  by  con- 
ned growth  and  expansion  it  at  last  fuses 
the  vitelline  membrane  and  unites  with 
ibstance,  so  that  the  two  membranes  form 
^  one.  This  membrane,  formed  by  the  fusi on 
I  consolidation  of  two  others,  constitutes  then 
k  external  investing  membrane  of  the  egg. 
;'he  allantois,  during  all  this  time,  is  increas- 
|U  iti  size  and  vascularity.  Following  tlie  course  of  the  amniotic 
Hclsas  before,  it  insinuates  itself  between  them,  and  of  course  soon 
domes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  foBtus,  and  bringing  its 
Teasels  into  contact  with  the  external  membrane  of  the  egg. 
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completely  separated  from  the  inner,  by  tbe  disappearance  of  tb 
partition  wViich  for  a  time  connected  the  two  with  each  other  (Fi§J 
209,  c)f  this  source  of  vascular  supply  ig  cut  oS;  and  the  Moond 
chorion  cannot^  therefore,  remain  vascular  after  that  period, 
the  third  or  permanent  chorion,  that  is,  the  allantois^  derives  its  ^ 
'sela  directly  from  those  of  the  foetus,  and  reuins  its  connocCkm  witbl 
them  during  the  whole  period  of  gestation.     A  chorion^  therefone, 
which  is  universally  and  permanently  vascular,  can  be  no  ollser 
than  the  allantois,  converted  into  an  external  investing  membrane 
of  the  egg* 

Thirdly,  the  chorion,  which  is  at  one  time,  as  we  have  seen,  every- 
where villous  and  shaggy,  become^^  afttrward  partially  bald,  Thii 
change  begins  to  take  place  about  tbe  end  of  the  second  momtlL 
It  commences  at  a  point  opposite  the  situation  of  the  foBtas  and  i 
insertion  of  the  fo3tal  vessels.  The  villosities  of  this 
growing;  and  as  the  entire  egg  continues  to  enlarge,  li  ^itu 

at  the  point  indicated  fail  to  keep  pace  with  its  growth,  and 
the  progressive  expansion  of  the  chorion.     They  acoordingly  1 
come  at  this  part  thinner  and  more  scattered,  leaving  tbe  amfrefl 
of  the  chorion  comparatively  smooth  and  bald,     TbiB  b&ldiM«»  in- 
creases in  extent  and  becomes  more  and  more  complete^  sprcfttllDg 

and  advancing  over  tbe  AdJ» 
^'*«"  *^^^'  cent  portions  of  tlie  cboriatt,_ 

until  at  least  twoabirds  of  i 
surtkce  have  became  netfi/ 
or  quite  destitute  of  ^'illoutifli^ 
At  tbe  opposite  point  of  tie 
surface  of  the  egg,  boirei«r«| 
that   portion,   namely, 
corresponds  ^Htb  the 
of  the  fcetal  vessels^  the  villaii-| 
ties,  instead  of  becoming  smA 
phied«  continue  to  gi^>w;  as! ' 
this  portion  of  tbe  choriuQ  W 
comes  even  more  ahaggjr  and 
thickly  set  than  befiim.    Tke 
consequence  is  that  the  chorion  afterward  presents  a  very  diflenat 
appearance  at  different    portions  of  its  surface.  (Fig.  21 6^)    Tb 
greater  part  of  it  is  smooth ;   but  a  certain  portion,  connlitutior 
about  one-third  of  the  whole,  is  covered  with  a  soft  and  «]> 
mass  of  long,  thickly-set,  compound  villositiea.     It  ia  tliis  ihicici   i 


WuMAJt  OrPM  lit  end  of  Ihtfd  in.intti 
jplAcetiUl  portiuu  ot  iho  eborlon  tnllf  fom^d, 
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and  shaggy  portion,  which  is  afterward  concerned  in  the  formation 
of  the  placerUa;  while  the  remaining  smooth  portion  continues  to 
be  known,  under  the  name  of  the  chorion.  The  placental  portion 
of  the  chorion  becomes  distinctly  limited  and  separated  from  the 
remainder  bj  about  the  end  of  the  third  month. 

The  yascularity  of  the  chorion  keeps  pace,  in  its  different  parts 
respectively,  with  the  atrophy  and  development  of  its  villosities. 
As  the  villosities  shrivel  and  disappear  over  a  part  of  its  extent, 
the  looped  capillary  vessels,  which  they  at  first  contained,  disappear 
also ;  so  that  the  smooth  portion  of  the  chorion  shows  afterward 
only  a  few  straggling  vessels  running  over  its  surface,  and  does  not 
oontain  any  abundant  capillary  plexus.  In  the  thickened  portion, 
on  the  other  hand,  the  vessels  lengthen  and  ramify  to  an  extent 
corresponding  with  that  of  the  villosities  in  which  they  are  situated. 
The  allantoic  arteries,  coming  from  the  abdomen  of  the  foetus,  enter 
the  villi,  and  penetrate  through  their  whole  extent;  forming,  at  the 
placental  portion  of  the  chorion,  a  mass  of  tufted  and  ramified  vas- 
oular  loops,  while  over  the  rest  of  the  membrane  they  are  merely 
distributed  as  a  few  single  and  scattered  vessels. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of 
the  egg,  produced  by  the  consolidation  and  transformation  of  the 
allantois.  The  placenta,  furthermore,  so  far  as  it  has  now  been 
described,  is  evidently  a  part  of  the  chorion ;  that  part,  namely 
which  is  thickened,  shaggy,  and  vascular,  while  the  remainder  is 
comparatively  thin,  smooth,  and  membranous. 
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themselves^  by  budding  or  sproating  from  the  aides  of  the  body^ 
judt  at  the  base  of  the  tail.  (Fig.  202.)  The  anterior  extremtdeft  also 
grow  at  this  time,  but  are  at  first  concealed  underneath  the  integu* 
meat.  They  afterward,  however,  become  liberated,  and  show  them* 
selves  exteraally.  At  first  both  the  fore  and  hind  legs  are  verj 
email,  imperfect  in  stractare,  and  altogether  useless  for  purpoecsof 
locomotion.  They  soon,  however,  increase  in  size  and  strenglh; 
and  while  they  keep  pace  with  the  increasing  development  of  ihe 
whole  body,  the  tail  on  the  contrary  ceases  to  grow,  and  becomas 
shrivelled  and  atrophied.  The  limbs,  in  fiact,  are  destined  finally 
to  replace  the  tail  as  organic  of  locomotion ;  and  a  time  at  l«it 
arrives  (Fig.  203)  when  the  tail  has  altogether  disappeared,  while 


Fig.  2ca 


Fig.  2(t3. 
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the  legs  have  become  fully  developed,  ^muscular  and  powerfai 
Then  the  animal,  which  was  before  confined  to  an  aquatic  mode 
of  life,  becomes  capable  of  living  also  upon  land,  and  a  Inuii^ 
formation  is  thus  eftected  from  the  tadpole  into  the  perfect  frog. 

During  the  same  time,  other  changes  of  an  equally  importaol 
character  have  taken  place  in  the  internal  organs.     The  tadpoki 
first  breathes   by  gills;    but  these  organs   subsequently 
atrophied  and  disappear,  being  finally  replaced  by  well  devel 
lungs.    The  structure  of  the  mouth,  also,  of  the  integumeol,  and  1 
of  the  circulatory  system,  is  altered  to  correspond  with  the  varring 
conditions  and  wants  of  the  growing  animal;  and  all  these  diaogo  I 
taking    place,  in  part  successively  and   in   part   simultaneoci 
bring  the  animal  at  last  to  a  state  of  complete  formation. 
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The  procesB  of  development  may  thcun  be  briefly  reoapiiulated  as 
follows: — 

1.  The  Uastodermic.  membrane,  produced  bjtbe  segmentation 
of  the  vitellusy  consislbs  of  two  cellular  layers^  vis^  an  external  and 
an  internal  blastodermic  layer. 

2.  The  external  layer  of  the  blastodermic  membrane,  incloses  by 
its  dorsal  plates  the  eerebro-spinal  canal,  and  by  its  abdominal 
pli^es  the  abdominal  or  visceral  cavity. 

8*  The  internal  layer  of  the  blastodermic  membrane  forma  the 
intestinal  canal,  which  becomes  lengthened  and  convoluted,  and 
communicates  with  the  e^^rior  by  a  mouth  and  anus  of  secondary 
formation. 

4.  Finally  the  eerebro-spinal  axis  and  its  nerves,  the  skeleton 
the  organs  of  special  sense,  the  integument,  and  the  muscles,  are 
developed  from  the  external  blastodermic  layer ;  while  the  antenor 
and  posterior  extremities  are  formed  from  the  same  layer  by  a  pro- 
cess of  sprouting^  or  confinbous  growth. 
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each  other;  so  that  the  vascular  network  cndreliQg  the  tubules  b^ 
oomes  more  extensive  and  abundant. 

The  internal  surface  of  the  uterus,  accordingly,  after  tbta  piooeai 
has  been  for  some  time  going  on,  presenta  a  thick,  rich,  soft,  ti*- 
cular,  and  velvety  lining,  quite  different  from  that  which  is  to 
found  in  the  unimpregnated   condition.     In  consequence  of  llii 
difference,  the  lining  membrane  of  the  uterus,  in  the  iinpregnat* 
condition,  was  formerly  supposed  to  be  an  entirely  new  produ 
thrown  out  by  exudation  from  the  uterin"         To,  and  a:. 
in  this  respect,  to  the  inflammatory  exud;i  i  croup  ;k 

risy.  It  is  now  known,  however,  to  be  no  other  than  the  mnoou 
membrane  of  the  uterus  itself,  thickened  and  hypertrophied  to  as 
extraordinary  degree,  but  still  retaining  all  its  natural  connectioi^ 
and  its  original  anatomical  structure* 

The  hypertrophied  mucous  membrane,  above  described,  eoosQ- 
tutes  the  Deculua  vera.  Its  formation  is  confined  altogether  to  the 
body  of  the  nterus,  the  mucous  membrane  of  the  cervix  taking  bo 
part  in  the  process,  but  retaining  its  original  api^earance. 
decidua  vera,  therefore,  commences  above,  at  the  orifices  of 
Fallopian  tabes,  and  ceases  below,  at  the  situation  of  the  gs  iotcr«^ ' 
num.  The  cavity  of  the  cervix,  meanwhile,  begins  lo  be  6ikd 
with  an  abundant  secretion  of  its  peculiarly  viscid  mucita.  vUcIi 
blocks  up,  more  or  less  completely,  its  passage,  and  proteds  the 
internal  cavity.  But  there  is  no  membranous  partition  at  ihid  timt 
covering  theos  internum,  and  the  mucous  membranes  uf  tbei 
and  of  the  body  of  the  uterus,  though  very  different  in  app 
are  still  perfectly  continuous  with  each  other*  When  wo  eotofiaij 
the  cavity  of  the  uterus,  therefore,  in  this  condition,  we  find 
internal  surface  lined  with  the  decidua  vera,  with  the  c>]]ieniQg  - 
the  OS  internum  below  and  the  orifices  of  the  Fallopian  tuliesab 
perfectly  distinct,  and  in  their  natural  positions.  (Fig.  211*.) 

As  the  fecundateil  egg,  in  its  journey  from  nbov^ 
passes  the  lower  orifice  of  the  Fallopian  tube,  it  in.^ii 
between  the  opposite  surfaces  of  the  uterine  mucous  metnbfiAt 
mid  becomes  soon  afterward  lodged  in  one  of  the  farro^ 
pressiong  between  the  projecting  convolutions  of  the 
(Fig,  219.)  It  is  at  this  situation  that  an  adhesion  sul^BeqnciMlf ! 
takes  place  between  the  external  membranes  of  the  i^g»  *m  th» 
one  hand,  and  the  uterine  decidua  on  the  other,  Now,  at  the  poim 
where  tlie  egg  becomes  fixed  and  entangled,  as  above  $«tati*d,  •  frill 
more  rapid  development   than  before  takes  place  ill  the  msm 
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After  the  young  animal  leaves  the  eggp  tbe  umbilical  vesicle 
in  some  species  becomes  withered  and  atrophied  by  the  absorption 
j^ita  contents;   while  in  others,  the  abdominal  walk  gradually 

Fig,  305, 


ToiiDif  FiAit  vttii  nmbllleal  re«1el«» 

extend  over  it,  and  crowd  it  back  into  the  abdomen ;  the  nutritious 
matter  which  it  contained  piissing  from  the  cavity  of  the  vesicle 
into  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
umbilical  vesicle  becomes  more  completely  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  Tliere  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbrlical  vesicle  and  that  of 
the  intestine;  and  this  communication,  as  in  other  instances,  becomes 
gradually  narrowetl  by  the  increasing  const  ri^jtion  of  the  abdominal 
walls.  Here,  however,  the  constriction  proceeds  so  far  that  the 
opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 

Ihere;  so  that  the  narrow  passage  previously 
Existing,  between  the  cavity  of  the  intestine 
and  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is  then  connected  with  the 
abdomen  only  by  an  impervious  cord.     This 

>rd  afterward  elougatca,  and  becomes  con- 

srted  into  a  slender,  thread-like  lK^dicle  (Fig, 

)6),  passing  out  from  the  abdomen  of  the 

5tU8,  and  connected  by  its  farther  extremity 
■with  the  umbilical  vesicle,  which  is  filled  with 

transparent^  colorless  fluid,     Tbe  umbilical 

side  is  very  distinctly  visible  in  the  human 

&tus  so  late  as  the  end  of  the  third  month. 

ifter  that  period  it  diminishes  in  sixe,  and  is  gradually  lost  in  the 
dvancing  development  of  the  neighb*Dnng  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  flrst  varia- 


Fig.  206. 
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newly-formed  layer  of  decidua^  enveloping,  as  above  described^  tbe 
projecting  portion  of  the  egg,  is  called  the  Dcadtui  rcjkj:a  ;  because 
it  lA  reQected  over  the  egg,  by  a  continuoua  growth  froin  tb^  gmiefil 
surface  of  the  uterine  mucous  membrane.  The  orifices  of  the  aterine 
tubules,  accordingly,  in  consequence  of  the  manner  in  wbiclj  Uje 
decidua  reflexa  is  formed,  will  be  seen  not  only  on  its  external  sur- 
face, or  that  w^hich  looks  toward  the  cavity  of  the  uterui^  but  altQou 
its  internal  surface,  or  that  which  looks  toward  the  egg. 

The  decidua  vera,  therefore^  is  the  original  mucoos  membnoe 
^'Uning  the  surface  of  the  uterus ;  while  the  decidua  reflexa  i^  a  new 
formation,  which  has  grown  up  round  the  egg  and  incloaed  It  i&  t 
distinct  cavity. 

If  abortion  occur  at  this  time,  the  mucous  membrane  of  tk 
uterus,  that  ia^  the  decidua  vera,  is  thrown  off,  and  of  ooum  brafi 
away  with  it  the  egg  and  decidua  reflexa.  On  examining  the itfB 
discharged  in  such  an  abortion,  the  egg  will  accordingly  be  Jbmil 
imbedded  in  the  substance  of  the  decidual  membrane.  Oneadt 
of  this  membrane,  where  it  has  been  torn  away  from  its  atuiotmieit 
to  the  uterine  walls,  is  ragged  and  shaggy;  the  other  side^  oorm- 
ponding  to  the  cavity  of  the  uterus,  is  smooth  or  gently  convoliiCei 
and  preaents  very  distinctly  the  orifices  of  the  uterine  ittbalci; 
while  the  egg  itself  can  only  be  extracted  by  cutting  throng  tbt 
decidual  membrane,  either  from  one  side  or  the  other,  and  opeDlof 
in  this  way  the  special  cavity  in  which  it  has  been  incloeed. 

During  the  formation  of  the  decidua  reflexa,  the  emire^^ii 
well  as  the  body  of  the  uterus  which  contains  it^  has  coosidafilfy 
enlarged.  That  portion  of  the  uterine  mucous  membnme  alinlii 
I  immediately  underneath  the  egg,  and  to  which  the  egg  first  b^ooe 
attached,  has  also  continued  to  increase  in  thickness  and  vitsciihntT. 
The  remainder  of  the  decidua  vera,  however,  ceases  la  gfinrtt 
rapidly  as  before,  and  no  longer  keeps  pace  with  the  iocuMSf 
si^  of  the  egg  and  of  the  uterus.  It  is  still  very  thick  and  tMO» 
lar  at  the  end  of  the  third  month ;  but  after  that  period  tt  beoOM 
comparatively  thinner  and  less  glandular  in  appearance^  while  tkt 
unusual  activity  of  growth  and  development  is  concentrated  m  tii 
egg,  and  in  that  portion  of  the  uterine  mucous  membrane  wbioh  ti 
in  immediate  contact  with  it. 

Let  us  now  see  in  what  manner  the  egg  becomes  attacbed  to  t^ 
decidual  membrane,  so  as  to  derive  from  it  the  requisite  supply  of 
nutritious  material.  It  must  be  recollected  that,  while  the  abrrfe 
changes  have  been  taking  place  in  the  walls  of  tha  utenaiv  ^ 
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'  Wb  shall  BOW  proceed  to  the  description  of  two  other  accessory 

ins,  which  are  formed,  during  the  development  of  the  fecundated 

;,  in  all  the  higher  classes  of  animals.     These  are  the  amnion  and 

allarUois;  two  organs  which  are  always  found  in  company  with 

ch  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 

>n  of  the  second.     The  amnion  is  formed  from  the  external  layer 

■  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 

J  In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 

Ipplied  with  moisture,  air,  and  nourishment,  by  the  water  with 

H^hicfa  it  is  surrounded.     It  can  absorb  directly  all  the  gaseous  and 

juid  substances,  which  it  requires  for  the  purposes  of  nutrition 

(id  growth.     The  absorption  of  oxygen,  the  exhalation  of  carbonic 

Bid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 

^e  place  without  difficulty  through  the  simple  membranes  of  the 

particularly  as  the  time  required  for  the  formation  of  the 

ibryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop- 

Dut  remains  to  be  accomplished  after  the  young  animal  leaves 

egg- 
( But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 

&nt  of  the  fcetus  is  longer*  The  young  animal  also  acquires  a 
much  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
ment. This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
IB  the  allantois. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
described,  by  the  external  layer,  forming  the  integument;   and 
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consequently  it  can  nowhere  come  in  oootact  ivith  the  inrcfiliag 
membrane  of  the  egg.  But  in  the  higher  animals,  the  internal 
bla3toclermic  layer,  which  is  the  seat  of  the  greatest  vascularity, 
and  which  is  destined  to  produce  the  allantaia^  is  made  to  wme  ia 
contact  with  the  external  membrane  of  the  egg  for  parpo«es  d 
exhalation  and  absor|)tion ;  and  this  can  only  be  accomplished  hj 
opening  a  passage  for  it  through  the  external  germinativc  kvcr. 
This  ifl  done  in  the  following  manner,  by  the  formalioxi  of  tbo 
amnion^ 

Soon  after  the  body  of  the  foetus  has  begun  to  be  formed  by  tit 
thickening  of  the  external  layer  of  the  blastodermic  membrvn^ 
a  double  fold  of  this  external  layer  rises  up  on  all  sidei  about 
the  edges  of  the  newly -formed  embryo ;  so  that  the  body  of  At 
foetus  appears  as  if  sunk  in  a  kind  of  depression,  and  t^urroqjided 
with  a  membranous  ridge  or  embankment,  a*  is 
Fig,  207.  The  embryo  (c)  is  here  seen  in  prtifUi^ 
with  the  double  membranous  folds^  aboYO  Jxittf 
tioned,  rising  np  just  in  advance  of  the  ha4 
and  behind  the  posterior  extremity.  It  mtislbo 
understood,  of  conrse,  that  the  same  tiling  lakt$ 
place  on  the  two  sides  of  the  foetus,  by  tbc  lonai* 
tion  of  lateral  folds  simultaneously  with  %h 
appearance  of  those  in  front  and  behind,  M  it 
is  these  folds  which  are  destined  to  form  ik 
amnion,  they  are  called  the  "amniotic  folda^ 

The  amniotic  folds  continue  to  grow^aiid  rt' 
tend  themselves,  forward,  backward,  and  lalcr 
until  they  approach  each  other  at  a  point  owr 
the  back  of  the  foetus  (Fig.  208),  which  is  termed  the  ''aimiioW 
umbilicus*"  Their  opposite  edges  afterward  actually  come  ta  00^ 
tact  with  each  other  at  this  point,  and  adhere  togotheiv  m>  mW 
shut  in  a  space  or  cavity  (Fig.  208, 1)  between  iht '  '  t  stiifai 
and  the  body  of  the  foetus.     This  space,  which  is  li  ha  clui 

fluids  is  called  the  amniotic  cavity.  At  the  same  time,  the  ioioitiail 
canal  has  begun  to  be  formed,  and  the  nmbilical  vesicle  lias  bwtt 
partially  separated  from  it,  by  the  constriction  of  the  abdoaaifisl 
walls  on  the  under  surface  of  the  body. 

There  now  appears  a  prolongation  or  diverticulum  (Fig,2*  " 
growing  out  from  the  posterior  portion  of  the  intestinal  ouml  *— 
following  the  course  of  the  amniotic  fold  which  has  preoedid  it; 
occupying,  as  it  gradually  enlarges  and  protrudest  the  spaoe  lc4 
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and  shaggy  portion,  which  is  afterward  concerned  in  the  formation 
of  the  placenta;  while  the  remaining  smooth  portion  continues  to 
be  known,  under  the  name  of  the  chorion.  The  placental  portion 
of  the  chorion  becomes  distinctly  limited  and  separated  from  the 
remainder  bj  about  the  end  of  the  third  month. 

The  yascularity  of  the  chorion  keeps  pace,  in  its  different  parts 
respectively,  with  the  atrophy  and  development  of  its  villosities. 
As  the  villosities  shrivel  and  disappear  over  a  part  of  its  extent, 
the  looped  capillary  ve^sels^  which  they  at  first  contained,  disappear 
also ;  so  that  the  smooth  portion  of  the  chorion  shows  afterward 
only  a  few  straggling  vessels  running  over  its  surface,  and  does  not 
contain  any  abundant  capillary  plexus.  In  the  thickened  portion, 
on  the  other  hand,  the  vessels  lengthen  and  ramify  to  an  extent 
corresponding  with  that  of  the  villosities  in  which  they  are  situated. 
The  allantoic  arteries,  coming  from  the  abdomen  of  the  foetus,  enter 
the  villi,  and  penetrate  through  their  whole  extent ;  forming,  at  the 
placental  portion  of  the  chorion,  a  mass  of  tufted  and  ramified  vas- 
cular loops,  while  over  the  rest  of  the  membrane  they  are  merely 
distributed  as  a  few  single  and  scattered  vessels. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of 
the  egg,  produced  by  the  consolidation  and  transformation  of  the 
ollantois.  The  placenta,  furthermore,  so  far  as  it  has  now  been 
described,  is  evidently  a  part  of  the  chorion ;  that  part,  namely 
which  is  thickened,  shaggy,  and  vascular,  while  the  remainder  is 
comparatively  thin,  smooth,  and  membranous. 
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In  the  cow,  for  example,  the  external  membrane  of  the  egg,  beiid^l 
being  everywhere  supplied  with  branching  vesaeb,  preeeoto  Qpaa 


Fig.  224. 


^'Fii!TA.t  Fi«>,  with  U«  m«mbr&noi;,  eontlltD^d  to  otfllj  of  0t«nMk'^<r*«,  ft^ltn  WalltifvlmL 

Ajc.  Cfttit^  of  nterat.    d.  Arnold il,    «,  e.  AiUntoif. 

>rftrioas  points  of  its  surface  no  less  than  from  seventy  to  eighty  <ml 
spots,  at  each  of  which  the  vessels  of  the  chorion  are  develop^  into 
abundant  tufted  prominences,  hanging  from  its  exterior  In  thict 
velvety,  vascular  masses.  At  eacb  point  of  the  uterine  miioous  meat- 
brane,  corresponding  with  one  of  these  tufted  masses,  the  muteniai 
bloodvessels  are  developed  in  a  similar  manner,  projecting  iniQtlte 
uterine  cavity  as  a  flattened  rounded  ma^s  or  cake ;  ^  V "  '  vrilh  ifat 
part  of  the  footal  chorion  which  is  adherent  to  it,  i>  .i  by  »fce 

Fig.  225. 
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CnrtLi»f»!»  cif  Cow'sUTKBTfi,— ft,  a.  Sttrftce  of /«*»!  ehorloo .  ft,  ft,  Bl<KHlr«aMM«ri«ai 
ehorioD.  rft  rf,  Blood*e4ii«1t  of  oterlo©  mocoQa  ro«nibraii«.  c»  «-  8ttrfi«e  of  nHr\90  ■«»!*  •*•- 
bntaa 

name  of  the  Colykdon,  Each  cotyledon  forms^  therefore,  &  hvk 
ptaoenta.  (Fig.  225.)  In  its  substance  the  tuft^  vntculw  fcop 
coming  from  the  uterine  mucous  membrano  {d,  rf)  are  eoiangw 
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rith  ttose  ootning  from  the  membranes  of  tbe  fcetiis  (6,  h).    There 
I  absolute  adhesion  between  the  two  eets  df  yessels,  but  only 
dterlacement  of  their  ramified  extremities;  and,  with  a  little 
in  mampnlation^  the  fcetal  portion  of  the  cotyledon  may  be 
ctricated  froi     "       latemal  portion,  with*-     '       -  jting  either*    In 
>n8equeTice,  i,      ^  .  ci\  of  this  intricate  iatc!  ...u_  i.unt  of  the  vessels, 
ransuilation  of  fluids  will  evidently  take  place  wnth  groat  readiness, 
from  one  system  to  the  other. 

The  form  of  placenta,  therefore,  met  with  in  these  animals,  is  one 
in  which  the  blo^xivessela  of  tlie  fcetal  chorion  are  simply  entangled 
with  those  of  the  uterine  mucons  membrane.  In  the  human  sub- 
je<:t,  the  structure  of  the  placenta  is  a  little  more  complicated, 
though  the  main  principles  of  its  formation  are  the  same  as  in  the 
above  instances. 

From  what  has  been  said  in  the  foregoing  chapters,  it  appears 
that  in  the  human  subject,  as  well  aa  in  the  lower  animahi,  the 
placenta  is  formed  partly  by  the  vascular  tufta  of  the  chorion, 
ad  partly  by  the  thickened  mucous  membrane  of  the  uterus  in 
rhich'tliey  are  entangled.  During  the  third  month,  those  portions 
of  the  chorion  and  decidua  which  are  destined  to  undergo  this 
transformation  become  more  or  less  distinctly  limited  in  their  form 
11  ^  i^^  lensions;  and  a  thickened  vascular  mass,  partly  maternal 
ly  fcBtal  in  its  origin^  shows  itself  at  the  spot  where  the 
placenta  is  afterward  to  be  developed.  This  mass  is  constituted  in 
^e  folhAving  manner. 

[  II  will  be  recollected  that  the  villi  of  the  chorion,  when  first 
led,  penetrate  into  follicles  situated  in  the  substance  of  the 
Brine  mucous  membrane  j  and  that  after  they  have  become  vas- 
ilar,  they  rapidly  elongate  and  are  developed  into  tuflcd  ramifl- 
^tions  of  bloodvessels,  each  one  of  which  turns  upon  itself  in  a 
>p  at  the  end  of  the  villus.  At  the  same  time  the  uterine  follicle, 
ich  the  villus  has  penetrated,  enlarges  to  a  similar  extent; 
out  branching  diverticula,  corresponding  with  the  multi- 
plied ramifications  of  the  villus.  In  fact,  the  growth  of  the  follicle 
aod  that  of  the  villus  go  on  simultaneously,  and  keep  pace  with 
each  otbcr;  the  latter  constantly  advancing  as  the  cavity  of  the 
former  enlarges. 

But  it  is  not  only  the  uterine  follicles  which  increase  in  size  and 

in  complication  of  structure  at  this  period.    The  capillary  blood- 

resselSf  which  lie  between  them  and  ramify  over  their  exterior, 

aho  become  unusually  developed.     They  enlarge  and  inosculate 

freely  with  each  other;  so  that  every  uterine  follicle  is  soon  covered 
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with  an  abundant  network  of  dilated  capillaries,  derived  from  tbe 
bloodvessels  of  the  original  decidua.  At  this  timcj  therefore^  e^k 
vascular  loop  of  the  foetal  chorion  is  covered,  firsts  with  a  lajex 
forniing  the  wall  of  the  villus.  Thia  ib  in  contact,  with  the  liai 
membrane  of  a  uterine  follicle,  and  outside  of  this  again  are  tlii 
capillary  vessels  of  the  uterine  mucous  membrane;  so  that  iw( 
distinct  membranes  intervene  between  the  walls  of  the  foetal  ctpi 
laries  on  the  one  hand  and  those  of  the  maternal  capillaries  oa  tb« 
other,  and  all  transudation  must  take  place  through  the  subst&aoe 
of  these  two  membranes. 

As  the  formation  of  the  placenta  goes  on^  the  anatomical  arrange* 
ment  of  the  foetal  vessel  remains  the  same.    Thev  le  ta 

form  vascular  loops,  penetrating  deeply  into  the  der  nem- 

brane;   only  they  become  constantly  more  elongated,  and 
ramifications  more  abundant  and  tortuous.    The  maternal  aq>iflap' 
ries^  however,  situated  on  the  outside  of  the  uterine  folliclea^  become 
considerably  altered  in  their  anatomical  relations.     They  enlarge 
excessively ;  and.  by  encroaching  constantly  upon  the  little  ial< 
or  spaces  between  them,  fuse  successively  with  each  other; 
losing  gradually  in  thia  way  the  characters  of  a  capillary  network;^ 

become     dilated     into    widd 
Fig.  226,  sinuses,    which    commuaicik 

freely  with  the  enlarged  Twaeb 
in  the  muBCular  walla  of  tke 
uterus.     As  the  original  capil- 
lary plexus  occupied  the  eanre  . 
thickness  of  the  hypertrophicdj 
decidua,  the  vascular  mnose^ 
into  which  it  is  thua  coiirened« . 
are  equally  extensive.     Theyj 
commence  at  the  infenor  for* 
face  of  the  placenta,  where  h  b  ^ 
in  contact  with  the  tnuscoW 
walls  of  the  uterus,  and  extend  i 
through  its  whole   thicknoii^ 
quite  up  to  the  siirfa*?^  of  J 
foetal  chorion. 
As  the  maternal  sinuses  grow  upward^  the  vascular  uift*  of  1 
chorion  grow  downward,  and  extend  also  through  the  entire  thki- 
ness  of  the  placenta.    At  this  period,  the  development  of  the  WooJ- 
vessels,  both  in  the  foetal  and  maternal  portions  of  the  placenta,  a 
so  excessive  that  all  the  other  tissue^  which  originallj  co-exisieJ 


-iMr^raUfof  FaTAt  Tuft*  from  hum^o  pi*. 
««at*  %i  t«rm.  Itt  lU  ntoent  coodltloo,  a.  u,  C»pll- 
U*j  blood v«»««U    lUgalA«d  ISO  dl&taei«ri^ 
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Fig,  227. 


Vitli  tbem,  Become  retrograde  and  disappear  almost  altogether.    If 
a  villus  from  the  foatal  portion  of  the  placenta  be  examined  at  this 
me  bj  transparency,  in  the  fresh  condition  (Fig.  226)  it  will  be 
n  thai  its  bloodvessels  are  covered  only  with  a  layer  of  horao- 
rneous,  or  finely  granular  material,  ^jVu  <>f  ^^  iiioh  in  thickness^ 
which  are  imbedded  small  oval -shaped  nuclei,  similar  to  those 
n  at  an  earlier  period  in  the  villosities  of  the  chorion.    The  vil* 
ities  of  the  chorioa  are  now,  therefore,  hardly  anything  more 
an  ramified  and  tortuous  vascular  loops ; 
e  remaining  substance  of  the  villi  hav- 
ing been  atrophied  and  absorbed  in  the 
e  '     '■   '     bloodvessels,  the 

I  rnent  of   which 

*■ 

be  readily  shown  by  injection  from 

e  umbilical   arteries.  (Fig.  2!27.)     The 

terine  follicles  have  at  the  same  time 

it  all  trace  of  their  original  structure, 

and  have  become  mere  vascular  sinuses, 

Kato  which  the  tufted  footal  bloodvessels 
re  received,  as  the  villosities  of  the  cho- 
rion were  at  first  received  into  the  uterine 
follicles. 

Finally,  the  walls  of  the  fcetal  blood- 
vessels having  come  into  close  contact  with  the  walls  of  the  tnatemal 
sinuses,  the  two  become  adherent  and  fuse  together;  so  that  a  time 
at  last  arrives,  when  we  can  no  longer  separate  the  foetal  vessels,  in 
the  substance  of  the  placenta,  from  the  maternal  sinuses,  without 
lacerating  either  the  one  or  the  other,  owing  to  the  secondary 
adhesion  which  has  taken  place  between  them. 

The  placenta,  therefore,  when  perfectly  formed,  has  the  structure 
which  is  shown  in  the  accompanying  diagram  (Fig.  228),  repre- 

^  senting  a  vertical  section  of  the  organ  through  its  entire  thickness. 

*  At  fl,  a,  is  seen  the  chorion,  receiving  the  umbilical  vessels  from  the 
body  of  the  foetus  through  the  umbilical  cord,  and  sending  out  its 
compound  and  ramified  vascular  tufts  into  the  substance  of  the 
placenta.  At  J,  b,  is  the  attached  surface  of  the  decidua,  or  uterine 
mucous  membrane ;  and  at  c,  c,  <?,  e,  are  the  orifices  of  uterine  ves- 
sels which  penetrate  it  from  below.  These  vessels  enter  the  placenta 
in  an  extremely  oblique  direction,  though  they  are  represented  in 

'the  diagram,  for  the  sake  of  distinctness,  as  nearly  perpendicular. 
When  they  have  once  penetrated,  however,  the  lower  portion  of 


Bittromlty  of  FcBT  AL  Ttft  of 
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the  decidna,  they  iramediately  dilate  into  the   pUwntat  lifiusas 
(represented,  in  the  diagram,  in  black),  which  extend  tbmugh  tlie 

Fig.  228. 


r* 


riolu    A,  h,  D«cidii%.    «^  ^  «^  ei  OrUloen  of  ut«rtM»  elau«««, 

whole  thickness  of  the  organ,  closely  embracing  all  the  ramifici^^ 
tions  of  the  foetal  tufts.  It  will  be  seen,  therefore,  that  th-  "^  -^i\x 
arrived  at  this  stage  of  completion,  is  composed  esaent.  u*> 

thing  but  bloodvessels.  No  other  tissues  enter  into  lt«  stru^lim; 
for  all  those  which  it  originally  contained  have  disappeared,  except- 
ing the  blix>d vessels  of  the  foetus,  entangled  with  and  adherent  to 
the  bloodvessels  of  the  mother. 

There  is,  however,  no  direct  communication  between  the  UtUl 
and  maternal  vessels.     The  blood  of  the  foetus  is  always  sepanited 
from  the  blood  of  the  mother  by  a  membrane  which  has  rt^ttlkd 
from  the  successive  union  and  fusion  of  four  diflFereut  membntna^  ll 
viz,,  first,  the  membrane  of  the  fcetal  villus;  secondly,  that  of  ifce  T 
uterine  follicle;   thirdly,  the  wall  of  the  foetal  bloodvessel;  a»l 
fourthly,  the  wall  of  the  uterine  sinus.     The  single  membranar  bow- 
ever,  into  which  these  four  finally  coalesce^  is  exti        ' 
we  have  seen,  and  of  enormous  extent,  owing  tc*  x 

abundant  branching  and  subdi  vision  of  the  foetal  tulia  Tbe#e  tctAi^ 
accordingly,  in  which  the  blood  of  the  fcetus  cir     '  are  baakrf 

everywhere,  in  the  placental  sinuses,  with  the  biu-  .  the  molber; 
and  the  processes  of  endosmosis  and  eicosmoHiv  Of  exhaI«iioii  aoJ 
absorption,  go  on  between  th©  two  with  the  gTt?ateit  pn««l»ta 
activity. 
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It  is  very  easy  to  demonstrate  the  arrangement  of  the  foetal 
in  the  huraaji  placenta.  They  can  be  readily  seen  by  the 
ked  eye,  and  may  be  easily  traced  from  their  attachment  at  the 
der  surface  of  the  chorion  to  their  termination  near  the  uterine 
rface  of  the  placenta.  The  anatomical  disposition  of  the  pla- 
ntal  sinuses^  however,  is  much  more  difficult  of  examination. 
During  life,  and  while  the  placenta  is  still  attached  to  the  uterus, 
they  are  filled,  of  course,  with  the  blood  of  the  mother,  and  occupy 
fully  one-half  the  entire  mass  of  the  placenta.  But  when  the  pla- 
centa ia  detached*  the  maternal  vessels  belonging  to  it  are  torn  ofl' 
at  their  necks  (Fig.  228,  e^  c,  e,  c),  and  the  ainusesv  being  then 
pticd  of  blood  by  the  compression  to  which  the  placenta  is  sub- 
jected, are  apparently  obliteraied ;  and  the  foetal  tufts,  falling  to- 
gether and  lying  in  contact  with  each  other,  appear  to  constitute 
the  whole  of  the  placental  mass.  The  existence  of  the  placental 
sinusee,  however,  and  their  true  extent,  m,^  J^  satii^ractonly  de- 
monstanted  in  the  followmg  manner.  i^B^ 

If  watake  the  uterus  of  a  woman  who  has  died  undelivered  at 
the  full  term  or  thereabout,  and  open  it  in  such  a  way  as  to  avoid 
wounding  the  placenta,  this  organ  will  be  seen  remaining  attached 
to  the  uterine  surface,  with  all  its  vascular  connections  complete. 
Let  the  foetus  now  be  removed  by  dividing  the  umbilical  cord,  and 
the  uterus,  with  the  placenta  attached,  placed  under  water,  with  its 
internal  surface  uppermost.  If  the  end  of  a  blowpipe  be  now 
rod  need  into  one  of  the  divided  vessels  of  the  uterine  walls^  and 
ir  forced  in  by  gentle  insufllation,  we  can  easily  inflate,  first,  the 
venous  sinuses  of  the  uterus  itself,  and  next,  the  deeper  portions 
of  the  placenta;  and  lastly,  the  bubbles  of  air  insinuate  themselves 
everywhere  between  the  foetal  tufts,  and  appear  in  the  most  super- 
ficial portions  of  the  phuienta,  immediately  underneath  the  trans- 
parent  chorion  (a,  a,  Fig.  228) ;  thus  showing  that  the  placental 
sinuses,  which  freely  communicate  with  the  uterine  vessels,  really 
occupy  the  entire  thickness  of  the  placenta,  and  are  equally  exten- 
sive with  the  tufts  of  the  chorion.  We  have  verified  thia  fact  in 
the  above  manner,  on  five  difterent  occasions,  and  in  the  presence 
of  Prot  C,  K.  Gilman,  Prof  Geo.  T.  Elliot,  Dr.  Henry  B.  Sands, 
Prof*  T-  G-  Thomas,  Dr.  T.  0*  Finnell,  and  various  other  medical 
gentlemen  of  New  York. 

If  the  placenta  be  now  detached  and  examined  separately,  it  will 
be  found  to  present  upon  its  uterine  surface  a  number  of  openings 
which   are  extremely  oblique   in  their   position,  and  which  are 
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It  is  also  tliTongt  the  placental  cxroalation  that  those  disturbing 
lects  arc  produced  upon  the  nutrition  of  the  foetus,  which  result 
rem  sudden  shocks  or  injuries  inflicted  upon  the  mother.    There  is 
now  little  room  for  doubt  that  various  deformities  and  deficiencies  of 
the  foetus,  conformably  to  the  popular  belief)  do  really  originate,  ia 
certain  cases,  from  nervous  impressions,  such  asdisgaet^ieftr  or  angeir, 
experienced  by  the  mother.    The  mode  in  whiohi  these  effects  may 
be  produced  is  readily  understood  from  what,  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta.    We  know  very  well 
bow  easily  nervous  impressions  will  disturb,  the  circulation  ia  the 
brain,  the  face,  the  lungs,  &c, ;  and  the  uterine  eixculation  is  quite 
I      as  readily  influenced  by  similar  causes,  as  pJiysicians  see  every  day 
L     in  cases  of  amenorrhoea,  menorrhagia,  &c.     If  a  nervous  shock  may 
^ft^cite  premature  contraction  in  the  muscular  fibres  of  the  pregnant 
^nterus  and  produce  abortion,  aa  not  unixequently  happens,  it  is  cer- 
^Vls^nly  capable  of  disturbing  the  course  of  the  circulation  through 
the  same  organ.    But  the  fcetal  circulatioii  is  dependent^  to  a  great 
it  »n  the  maternid.     Since  the  two  sets  of  vessels  are  bo  closely 

r c;  .'1  in  the  placenta,  and  since  the  foetal  blood  has  here  much 

the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
atpillaries  has  to  the  air  in  the  air- vesicles,  it  will  be  liable  to  de- 
rangement from  similar  causes.     If  the  circulation  of  air  through 
the   pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also*     In  the  same  way^  what- 
ever arrests  or  disturbs  the  circulation  through  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  that 
the  fcetal  capillaries  forming  part  of  the  placenta.     And  lastly, 
I  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta, 
,  will  of  course  sufter  immediately  from  any  such  disturbance  of 
placental  circulation.     These  effects  may  be  manifested  either 
the  general  atrophy  and  death  of  the  foetus ;  or,  if  the  disturbing 
luse  be  slight^  in  the  atrophy  or  imperfect  development  of  par- 
ticular parts ;  just  as,  in  the  adult,  a  morbid  cause  operating  througk 
the  entire  system,  may  be  first  or  even  exclusively  manifested  ia 
some  particular  organ,  which  is  more  sensitive  to  its  influence  than 
other  parts. 

The  placenta  must  accordingly  be  regarded  as  an  organ  which 
performs,  during  intra-uterinc  life,  offices  similar  to  those  of  the 
lungs  and  the  intestine  after  birtli.  It  absorbs  nourishment,  rena 
Tales  the  blood,  and  discharges  by  exhalation  various  excrementi- 
lious  matters,  wbich  originate  in  the  processes  of  fcetal  nutrition. 
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IlrJtATT  Ovrx  »l  end  of  third  mualli,  ttbo^iii|$ 
«DlArg«fia«DC  of  amutou* 


aing  of  the  fifth  month,  comes  in  contact  with  the  internal  i^urfaee 

of  the  chorion*    Finally,  toward  the  end  of  gestation,  the  contact 

becomes  so  close  between  these 

two  membranea  that  they,  are  Fig-  230. 

partially    adherent    to    each 

other,  and  it  requires  a  little 

care  to  separate  them  without 

laceration. 

The  quantity  of  the  amniotic 
fluid  continues  to  increase  dur- 
the  latter  period  of  gesta- 
on  in  order  to  accommodate 
the  movements  of  the  fcetus. 
Tbeee  movements  begin  to  be 
perceptible  about  the  fifth 
month,  at  which  time  the 
jnuscular  system  has  already 
attained  a  considerable  degree  of  development,  but  become  after- 
ward more  frequent  and  mom  strongly  pronounced.  The  space 
and  freedom  requisite  for  these  movements  are  provided  for  by  the 
fluid  accumulated  m  the  cavity  of  the  amnion. 

The  umbilical  cord  elongates,  at  the  same  time,  in  proportion  to 
the  increasing  size  of  the  amniotic  cavity.  During  its  growth,  it 
becomes  spirally  twisted  from  right  to  left,  the  two  umbilical  arte- 
winding  round  the  vein  in  the  same  direction.  The  gelatinous 
ter,  as  already  described  as  existing  between  the  amnion  and  , 
chorion,  while  it  disappears  elsewhere,  accumulates  in  the  cord  in  | 
considerable  quantity,  covering  the  vessels  with  a  thick,  elastic  en- 
velope, which  protects  them  from  injury  and  prevents  their  being 
accidentally  compressed  or  obliterated.  The  whole  is  covered  by  a 
portion  of  the  amnion,  which  is  connected  at  one  extremity  with  the 
integument  of  the  abdomen,  and  inve^^ts  the  whole  of  the  cord  with 
a  continuous  sheath,  like  the  finger  of  a  glove.  (Fig.  231.) 

The  cord  also  contains,  for  a  certain  period,  the  pedicle  or  stern 
of  the  umbilical  vesicle.  The  situation  of  this  vesicle,  it  will  be 
recollected,  is  always  between  the  chorion  and  the  amnion.  Itn  . 
pedicle  gradually  elongates  with  the  growth  of  the  umbilical  cord  i 
and  the  vesicle  itself,  which  generally  disappears  soon  after  the 
third  month,  sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh. 
According  to  Prof.  Mayer,  of  Bonn,  it  may  even  be  found,  by  care- 
search,  at  the  termination  of  pregnancy.    When  discovered  in 
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In  the  htttaaa  subject^  as  well  as  in  moat  quadrupeds,  the  mem- 
branes of  the  egg  are  usually  ruptured  during  the  process  of  par* 
turition ;  and  the  foetus  escapes  first,  the  placfenta  and  the  rest  of 
the  appendages  following  a  few  moments  afterward,  Occasionallj, 
however,  even  in  the  human  subject^  the  egg  is  disoharged  entire, 
and  the  foetus  liberated  afterward  by  the  laceration  of  the  mem- 
branes. In  each  case,  however,  the  mode  of  separation  and  expul- 
sion is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore;  consists  essentially  in  a 
eeparation  of  the  decidual  membrane,  which,  on  being  discharged, 
brings  away  the  ovum  with  it.    The  greater  part  of  the  decidua 

Krera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
i  pregnancy^  ia  by  this  time  nearly  destitute  of  vessels,  and  sepa* 
atesi,  accordingly,  without  any  perceptible  hemorrhage.  That  por- 
ion,  however,  which  enters  into  the  formation  of  the  placenta,  is, 
on  the  contrary,  excessively  vascukr ;  and  when  the  placenta  is 
separated,  and  its  maternal  vessels  torn  off  at  their  necks^  as  before 
mentioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
immediately  follows  the  birth  of  the  foetus.  This  hemorrhage, 
which  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
does  not  come  from  the  uterine  vessels  proper.  It  consists  of  the 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is 
expelled  from  them  owing  to  the  compression  of  the  placenta  by 
the  walls  of  the  uterus.  Since  the  whole  amount  of  blood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since 
the  placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasani 
effect  is  produced  upon  the  mother  by  such  a  hemorrhage^  because 
the  natural  proportion  of  blood  in  the  rest  of  the  maternal  system 
remains  the  same.  Uterine  hemorrhage  at  the  time  of  parturition, 
therefore,  becomes  injurious  only  when  it  continues  after  complete 
separation  of  the  placenta;  in  which  case  it  is  supplied  by  the 
mouths  of  the  uterine  vessels  themselves,  left  open  by  failure  of  the 
uterine  contractions.  These  vessels  are  usually  instantly  closed, 
after  separation  of  the  placenta,  by  the  contraction  of  the  muscular 
fibres  of  the  uterus.  They  pass,  as  we  have  already  mentioned,  in 
an  exceedingly  oblique  direction,  from  the  uterLne  surface  to  the 
placenta;  and  the  muscular  fibres,  which  cross  them  transversely 
above  and  below,  necessarily  constrict  them,  and  effectually  close 
their  orifices,  immediately  on  being  thrown  into  a  state  of  contraction. 
Another  very  remarkable  phenomenon,  connected  with  preg- 
tzancy  ai^d  parturition  is  the  appearance  in  the  uterus  of  a  new 
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braae.    It  unites  at  the  os  interum,  by  a  linear  cioatrix,  with  tbe 
mucous  membrane  of  the  cervix^  and  the  traces  of  its  laoeration  at 
this  spot  afterward  oease  to  be  visible.    At  the  point,  however. 
where  the  plaoenta  was  at- 
tached, the  regeneration  of  F>8<  ^32. 
the  mucous   membrane  is 
less  rapid;  and  a  cioatrix- 
like  spot  is  often  visible  at 
this    situation   for    several 
months  after  delivery. 

The  only  furtta^  change. 
which  remains  to  be  de- 
seribed  in  this  connection, 
is  the  fatty  degeneration 
and  reconstruction  of  the 
muscular  substance  of  the 
uterua  This  process,  which 
ifl  sometimes  known  as  the 
*  involution"  of  the  uterus, 
takes  place  in  the  following 
XDianner.  The  muscular 
fibres  of  the  unimpr^nated 
uterus  are  pale,  flattened, 
apindle-shaped  bodies  (Fig. 
232)  nearly  homogeneous 
in  structure  or  very  faintly 
granular,  and  measuring 
from  v^Q  to  sin  of  an  inch 
in  length,  by  todoo  to  g^'j^ 
of  an  inch  in  width.  During 
gestation  these  fibres  in- 
crease very  considerably  in 
size^  Their  texture  becomes 
much  more  distinctly  granu- 
lar, and  their  outlines  more 
strongly  marked.  An  oval 
nocleus  also  shows  itself  in 

the  central  part  of  each  fibre.    The  entire  walls  of  the  uterus,  at  the 
time  of  delivery,  are  composed  of  such  muscular  fibres,  arranged  in 
circular,  oblique,  and  longitudinal  bundles. 
About  the  end  of  the  first  week  after  delivery,  these  fibres  begin 
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CHAPTER  XIV. 

►  EVELOPMENT  OP  THE  EMBRYO— NERVOUS  SYSTEM 
OBGANS  OP  SENSE.  SKELETON,  A^I>  LIMl^H 


Fig.  235. 


The  first  trace  of  a  spinal  cord  in  the  embryo  oonsists  of  tbe 
^uble  longitudinal  fold  or  ridge  of  the  blastodermic  membrane. 
Iiieh  shows  itself  at  an  early  period,  M  above  described,  on  each 
le  the  median  furrow.  Tlie  two  lamimo  of  which  this  is  com* 
id,  on  the  right  and  left  sides  (Fig.  235,  a,  6),  unite  with  each 
Other  in  front,  forming  a  rounded  dilatation  (c), 
ic  cephalic  extremity^  and  behind  at  d,  forming 
pointed  or  caudal  extremity.  Xear  the  pos- 
terior extremity,  there  is  a  smaller  dilatation, 
which  marks  the  future  situation  of  the  lumbar 
enlargement  of  the  spinal  cord, 

Ab  the  laminsB  above  described  grow  upward 
id  backward,  they  unite  with  each  other  upon 
le  median  line,  so  that  tbe  whole  ia  converted 
iiiti:>  a  holl(3W  cylindrical  cord,  terminating  ante- 
iorly  by  a  bulbous  enlargement^  and  posteriorly 
iy  a  pointed  enlargement;  the  central  cavity 
inrhich  it  contains  running  continuously  through 
it,  from  front  to  rear. 

The  next  change  which  shows  itself  is  a  divi- 
ion  of  the  anterior  bulbous  enlargement  into 
three  secondary  compartments  or  vesicles  (Fig. 
236),  which  are  partially  separated  from  each  other  by  transverse 
[onstrictions.     These  vesicles  are  known  as  the  three  cerebral  vesi- 
r^,  from  which  all  the  different  parts  of  the  encephalon  are  after 
rard  to  be  developed.    The  first,  or  most  anterior  cerebral  vesicle 
destined  to  form  the  hemispheres;  the  second,  or  middle,  the 
tubercola  quadrigemina ;  and  the  third,  or  posterior,  the  meduihi 
oblong»*ita.     All  three  vesicles  are  at  this  time  hollow,  and  their 
40 
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ao^iordingly  boonded  on  one  side  by  a  very  thin,  prcgo 
centic  edge*  These  are  the  orifices  of  the  qierine  Vflwi 
into  the  placenta  and  torn  off  at  their  necks^  is  abovirdiOBcribed; 
and  by  carefully  following  them  with  the  probe  and  sciiBon^  dicy 
found  to  lead  at  onoe  into  extensive  empty  cavities  (the  plir 
^oental  sinuses),  situated  between  the  fo&tal  tufta.  We  have  ilrmif 
shown  that  these  cavities  are  filled  daring  life  with  tbe  roaMu^ 
blood ;  and  there  is  every  reason  to  believe  that  before  delivery^ 
jdid  while  the  circulation  is  going  on,  the  placenta  is  at  leiuit  iwiai' 

large  as  after  it  has  been  detached  and  expelled  from  the  tttefva 

The  placenta,  accordingly,  is  a  double  organ,  formod  partly  hf 
the  chorion  and  partly  by  the  decidua;  and  consisting  of 
and  foetal  bloodvessels,  inextricably  entangled  and  united  with 
other. 

The  part  which  this  organ  takes  in  the  developmeot  oftij  :i^**"^ 
is  an  exceedingly  important  one.  From  the  date  of  its  forru;iiwi» 
at  about  the  beginning  of  the  fourth  month,  it  constitutes  tho  oalj 
channel  through  which  nourishment  is  conveyed  from  the  molbf 
to  the  fcetus.  The  nutritious  material^  which  circulato  ia  ibt& 
dance  in  the  blood  of  the  maternal  sinuses^  pass  tbrongh  the  iiitisr- 
vening  membrane  by  endosmosis,  and  enter  the  blood  of  the  fcBim 
The  healthy  or  injurious  regimen,  to  which  the  mother  isgobjo<|Bi 
will  accordingly  exert  an  almost  immediate  infiuenoe  ttpoa  tb 
child.  Even  medicinal  substances^  taken  by  the  mother  mud  il^^ 
sorbed  into  her  circulation,  may  readily  transude  throagh  the  pl^ 
cental  vessels ;  and  they  have  been  known  in  this  wnv  tn  exi 
specific  effect  upon  the  foetal  organization. 

The  placenta  is,  furthermore,  an  organ  of  exhalaiion  ajs  w<il 
of  absorption.  The  excrementitious  substances^  produood  in  iht 
circulation  of  the  fcetus,  are  undoubtedly  in  great  meaauro 
of  by  transudation  through  the  walls  of  the  placental  veaseht  to  ^ 
afterward  discharged  by  the  excretory  organs  of  the  mother.  Tbi$ 
system  of  the  mother  may  therefore  be  affected  in  this  taaniusr  hf 
influences  derived  from  the  foetus.  It  baa  been  remarfcod  tnott 
than  once,  in  the  lower  animals,  that  when  the  female  has  twosoe 
cessive  litters  of  young  by  dilTerent  males,  the  young  of  the 
litter  win  sometimes  bear  marks  resembling  those  of  the  first  mak.] 
In  these  instances,  the  peculiar  influence  which  produce*  thtes 
ternal  mark  must  have  been  transmitted  by  the  first  male  dij«tlr| 
ro  the  foetus,  fVom  the  foetus  to  the  mother,  and  from  tbe  nMiMr 
the  foetus  of  the  second  litter. 
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irddo  tlirougH  the  placental  circulation  that  those  disturbing 
are  produced  upon  the  nutrition  of  the  foetus,  which  result 
from  sudden  shocks  or  injuries  inflicted  upon  the  mother.  There  is 
now  little  room  for  doubt  that  various  deformities  and  deficiencies  of 
the  fcstus,  conformably  to  the  popular  belief  do  really  originate,  in 
oertain  cases,  from  nervous  impressionSp  such  as-disgu^t^igar  orangeF^ 
experienced  by  the  mother.  The  mode  in  which  these  effects  may 
be  produced  is  readily  understood  from  what,  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta^  We  know  very  well 
bow  easily  nervous  impressions  will  disturb^  the  circulation,  ia  the 
brain,  the  face,  the  iuugs,  &c. ;  and  the  utertne^  csircvdation  is  quite 
as  r^idily  influenced  by  similar  causes,  as  physicians  see  every  day 
in  oases  of  amenorrhoea,  menorrhagia,  &c*  If  a  nervous  shock  may 
excite  premature  contraction  in  the  muscular  fibres  of  the  pregnam 
rus  and  produce  abortion,  as  not  unfrequently  happens,  it  is  cer- 
ly  capable  of  disturbing  the  course^  ot*  the  circulation  through 
the  same  organ.  But  the  fcetal  circulation  is  dependent,  to  a  great 
extent,  on  the  maternal*  Since  the  two  sets  of  vessels  are  so  closely 
entwined  in  the  placenta,  and  since  the  foetal  blood  has  here  much 
the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
eapillaries  has  to  the  air  in  the  air-vesicles,  it  will  be  liable  to  de- 
rangement from  similar  causes.  If  the  circulation  of  air  through 
the  pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also.  In  the  same  way,  what* 
ever  arrests  or  disturbs  the  circulation  through  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  that 
in  the  foetal  capillaries  forming  part  of  the  placenta.  And  lastly, 
as  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta, 
it  will  of  course  sufter  immediately  from  any  such  disturbance  of 
the  placental  circulation.  These  effects  may  be  manifested  either 
in  the  general  atrophy  and  death  of  the  foetus  j  or,  if  the  disturbing 
cause  be  slight,  in  the  atrophy  or  imperfect  development  of  par- 
ticular  parts ;  just  as,  in  the  adult,  a  morbid  cause  operating  through 

'     the  entire  system,  may  be  first  or  even  exclusively  manifested  in 
8ome  pardcular  organ,  which  is  more  sensitive  to  its  influence  than 

I     other  parts. 

m      The  placenta  must  aocordingly  be  regarded  as  an  organ  which 

performs,  during  intra-uterine  life,  offices  similar  to  those  of  the 

iangg  and  the  intestine  after  birth.     It  absorbs  nourishment,  reno 

p'^te^  l2i0  blood,  and  discharges  by  exhalation  various  excrementi- 

*^  J  /natters,  which  originate  in  the  processes  of  foetal  nutrition. 
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ning  of  the  fifth  month,  comes  ia  contact  with  the  internal  surface 
,^f  the  chorion.    Finally,  toward  the  end  of  gestation,  the  contact 

3mes  8o  close  between  these 
two  membranes  that  they^&re 
partially  adherent  to  each 
other,  and  it  requires  a  little 
care  to  separate  them  without 
laceration. 

The  quantity  of  the  amniotic 
fluid  continues  to  increase  dur- 
ing  the  latter  period  of  gesta- 
tion in  order  to  accommodate 
the  movements  of  the  foetus. 
These  movements  begin  to  be 
perceptible  about  the  fifth 
month,  at  which  time  the 
muscular  system  has  already 

attained  a  considerable  degree  of  development,  but  become  after* 
ward  more  frequent  and  more  strongly  pronounced.  The  space 
and  freedom  requisite  for  these  movements  are  provided  for  by  the 
fluid  accumulated  in  the  cavity  of  the  amnion. 

The  umbilical  cord  elongates,  at  the  same  time,  in  proportion  to 
the  increasing  size  of  tiie  amniotic  cavity.  During  its  growth,  it 
becomes  spirally  twisted  from  right  to  left,  the  two  umbilical  arte* 
rie»  winding  round  the  vein  in  the  same  direction.  The  gelatinous 
matter,  as  already  described  as  existing  between  the  amnion  andi 
chorion,  while  it  disappears  elsewhere,  accumulates  in  the  cord  in^ 
considerable  quantity,  covering  the  vessels  with  a  thick,  elastic  en* 
velope,  which  protects  them  from  injury  and  prevents  their  being 
accidentally  compressed  or  obliterated.  The  whole  is  covered  by  a 
portion  of  the  amnion,  which  is  connected  at  one  extremity  with  the 
integument  of  the  abdomen,  and  invests  the  whole  of  the  cord  with 
a  continuous  sheath,  like  the  finger  of  a  glove.  (Fig.  231.) 

The  cord  also  contains,  for  a  certain  period,  the  pedicle  or  stem 
of  the  umbilical  vesicle.  The  situation  of  this  vesicle,  it  will  be 
recollected,  is  always  between  the  chorion  and  the  amnion.  Its 
pedicle  gradually  elongates  with  the  growth  of  the  umbilical  cord ; 
and  the  vesicle  itself,  which  generally  disappears  soon  after  the 
third  inonth,  sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh. 
Aocorcf/ng^  to  Prof.  Mayer,  of  Bonn,  it  may  even  be  found,  by  care- 
^^rob,  at  the  termination  of  pregnancy.    When  discovered  in 
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the  middle  and  latter  periods  of  gestatioQ,  il  preaenta  tteelf  u  i 
small,  flattened^  aad  sbri veiled  vesicle,  situated  nDdemaitli  \\\ 
amnion,  at  a  rariable  distance  from  the  insertion  of  the  urat 
cord.     A  minute  bloodvessel  is  often  se^n  running  to  it  from  iim\ 
cord,  and  ramify ing  upon  its  surface. 


Fig.  231. 
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The  decidna  reflexa,  during  the  latter  months  of  prp^^nncy,  i- 
constantly  distended  and  pushed  back  by  the  inercAsing  ^ijce  of  tk 
egg ;  so  that  it  is  finally  pressed  closely  against  the  oppoffltd  mtbuB 
of  the  decidna  vera,  which  still  lines  the  greater  part  ^  '  '       *  nr/ 

'cavity*  By  the  end  of  the  seventh  month,  the  oppc?. ,_.  ,  .,7i.:c^ 
of  the  decidua  vera  and  reflexa  are  in  complete  contact  wifb  eadi 
other,  though  still  distinct  and  capable  of  being  separated  wiAoO 

•  difficulty.  After  that  time,  they  fuse  together  and  becxMnc  cob* 
founded  with  each  other  j  the  two  at  last  forming  only  a  Av^ 

'ihin,  friable,  semi-opaque  layer,  in  which  no  trace  of  lh«ir  origiittl 

'  glandular  frtructure  can  be  discovered. 

This  is  the  condition  of  things  at  the  termination  of  pTegMEi^. 

'-'Then,  the  time  having  arrived  for  parturition  to  takd  placr,  rl 
hypertrophied  muscular  walls  of  the  uterus  contract  fbpcibly  ^^^ 
its  contents,  and  the  egg  is  discharged,  together  with  the  wliok  of^ 
the  decidual  uterine  mucous  membrane. 
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In  the  kumaxi  subjeot^  as  well  as  in  moat  quadrupcdsi  the  mem- 
branea  of  the  egg  are  usually  ruptured  during  the  process  of  par* 
turitioa ;  and  the  foetus  escapes  first,  the  placenta  and  the  rest  of 
le  appendages  foUowmg  a  few  moments  afterward.  Occasionally, 
LOwever,  even  in  the  human  subject^  the  egg  is  discharged  entire, 
and  the  foetua  liberated  afterward  by  the  laceration  of  the  mem- 
brane&  In  each  case,  however,  the  mode  of  separation  and  expul- 
sion is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore,  consists  essentially  in  a 
geparation  of  the  decidual  membrane,  which,  on  being  discharged, 
brings  away  the  ovum  with  it.    The  greater  part  of  the  decidua 
vera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
of  pregnancy,  is  by  this  time  nearly  destitute  of  vessels,  and  sepa* 
xatesy  accordingly,  without  any  perceptible  hemorrhage.    That  por- 
tion, however,  which  enters  iBto  the  formation  of  the  placenta,  is, 
on  the  contrary,  excessively  v*iscular ;  and  when  the  placenta  is 
separated,  and  its  maternal  vessels  torn  off  at  their  necks,  as  before 
mentioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
immediately  follows  the  birth  of  the  foetus.     This  hemorrhage, 
which  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
does  not  come  from  the  uterine  vessels  proper.    It  consists  of  the 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is 
expelled  from  them  owing  to  the  compression  of  the  placenta  by 
the  walls  of  the  uterus.    Since  the  whole  amount  of  blood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since 
le  placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant 
feet  is  produced  upon  the  mother  by  such  a  hemorrhage,  because 
e  natural  proportion  of  blood  in  the  rest  of  the  maternal  systeai 
ains  the  same.     Uterine  hemorrhage  at  the  time  of  parturition, 
erefore,  becomes  injurious  only  when  it  continues  after  complete 
,tioii  of  the  placenta;  in  which  case  it  is  supplied  by  the 
hs  of  the  uterine  ve^els  themselves,  left  open  by  failure  of  the 
iterine  contractions.     These  vessels  are  usually  instantly  closed, 
r  separation  of  the  placenta,  by  the  contraction  of  the  muscular 
bres  of  the  uterus.    They  pass,  as  we  have  already  mentioned,  in 
an  exceedingly  oblique  direction,  from  the  uterine  surface  to  the 
placenta ;  and  the  muscular  fibres,  which  cross  them  transversely 
above  and  below,  necessarily  constrict  them,  and  effectually  close 
their  orificeSj  immediately  on  being  thrown  into  a  state  of  contractjc 
^^(7/ijor  very  remarkable  phenomenon,  connected  with  ^ 
^  ^nd  parturition  is  the  appearance  iu  the  uterus  of  n 
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brane*    It  unites  at  the  os  interuzn,  by  a  linear  cicatrix^  witb  the 

mucous  membrane  of  the  cervix^  and  the  traces  of  its  laceration  at 

this  spot  afterward  cease  to  be  visible.    At  the  point,  however. 

where  the  plaoenta  was  at- 

taohed,  the  regeneration  of  F>g«  232. 

the   mucous  membrane  is 

less  rapid;  and  a  cicatrix- 

like  spot  is  often  visible  at 

this    situation   for    several 

months  after  delivery. 

The  only  further  change, 
which  remains  to  be  de- 
scribed in  this  connection, 
is  the  fatty  degeneration 
and  reconstruction  of  the 
mnsGidar  substance  of  the 
uterua  This  process,  which 
is  sometimes  known  as  the 
*  involution"  of  the  uterus^ 
takes  place  in  the  following 
xxianner.  The  muscular 
fibres  of  the  unimpregnated 
uterus  are  pale,  flattened, 
spindle-shaped  bodies  (Fig. 
232)  nearly  homogeneous 
in  structure  or  very  faintly 
granular,  and  measuring 
frOTi^lc  to  siij  of  an  inch 
in  length,  by  toSbc  ^  btj^ob 
of  an  inch  in  width.  During 
gestation  these  fibres  in- 
crease very  considerably  in 
size.  Their  texture  becomes 
much  more  distinctly  granu- 
lar, and  their  outlines  more 
strongly  marked.  An  oval 
nucleus  also  shows  itself  in 

the  central  part  of  each  fibre.  The  entire  walls  of  the  uterus,  at  the 
time  of  delivery,  are  composed  of  such  muscular  fibres,  arranged  in 
circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  first  week  after  delivery,  these  fibres  begin 


Muscular  Fibrbs  of  Humak  Utsbus,  ten 
day*  after  partnrltion ;  from  a  woman  dead  of  puer- 
peral fBTer. 
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to  undergo  a  fatty  degeneration,  (Fig.  233.)  Their  granules  W 
come  larger  and  more  prominent,  and  very  soon  assume  Ibe 
appearance  of  molecules  of  fat,  deposited  in  the  substance  <if  the 
fibre.  The  £atty  deposit,  thus  commenced,  increases  in  abtmdiiici^ 
and  the  molecules  continue  to  enlarge  until  they  become  conTerted 
into  fully  formed  oil-globules,  which  fiU  the  interior  of  the  fibre 

more  or    less    oompletel)'. 
^*g«  234.  and  mask,  to  a  oenain  ei» 

tent,  its  anatomical  chi^ 
racters.  (Fig.  234.)  Ht 
universal  fatty  degsoeii* 
tion,  thus  induced,  gtTcsto 
the  uterus  a  aoftar  oandit* 
ency.  and  a  pale  yeUonk 
color  which  is  charadBii^ 
of  it  at  this  period.  Tb 
muscular  fibres  which  bavt 
become  altered  by  the  fillj 
deposit  are  afterward  gn- 
dually  abs(»*bed  and  diasp^ 
pear;  their  place  beiof 
subsequently  taken 
other  fibres  of  new  ft 
tion,  which  already 
to  make  their  appearance  before  the  old  ones  have  been  compleleif 
destroyed.  As  this  process  goes  on,  it  results  finally  in  a  ooniplele 
renovation  of  the  muscular  substance  of  the  uterus.  The  orfa 
becomes  again  reduced  in  size,  compact  in  tissue^  and  of  a  pale 
ruddy  hue,  as  in  the  ordinary  unimpregnated  condition*  This  eoliif 
renewal  or  reconstruction  of  the  uterus  is  completed,  aooordinfr » 
Heschl,'  about  the  end  of  the  second  month  after  delivcrj*. 
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CHAPTER  XIV. 

rEVELOPMENT  OF  THE  EMBRYO— NERVOUS  SYSTEM 
a^RGANS  OF  SENSE,  .SKELETON,  AND    LIMBS. 


Fig.  235, 


The  first  trace  of  a  spinal  cord  in  the  embryo  consists  of  tha 

uble  longitudinal  fold  or  ridge  of  the  blastodermic  membrane, 

which  shows  itself  at  an  early  period,  ad  above  described,  on  each 

de  the  median  furrow.     The  two  laminas  of  wHch  this  is  com* 

d,  on  the  right  and  left  sides  (Fig,  235,  a,  b),  naite  with  each 

her  in  fipont,  forming  a  rounded  dilatation  (c)^ 

e  cephalic  extremity,  and  behind  at  d,  forming 

pointed  or  caudal  extremity*     Xear  the  pos- 

nor  extremity,  there  ia  a  smaller  dilataticm, 

hich  marks  the  future  situation  of  the  lumbar 

rgemcnt  of  the  spinal  cord. 
-As  the  laminaB  above  described  grow  upward 
and  backward,  they  unite  with  each  other  upon 
^^be  median  line,  so  that  the  whole  is  converted 
^Hito  a  hollow  cylindrical  cord,  terminating  aute- 
^norly  by  a  bulbous  enlargement,  and  posteriorly 
^^j  a  pointed  enlargement;  the  central  cavity 
^Bprbich  it  contains  running  continuously  through 
^Ht,  from  front  to  rear. 

^^  The  next  change  which  shows  itself  is  a  di\^- 
sioa  of  the  anterior  bulboua  enlargement  into 
three  secondary  compartments  or  vesicles  (Fig. 
236),  which  are  partially  separated  from  each  other  by  transverse 
^^onstrictioDs.  These  vesicles  are  known  as  the  three  cerebral  vest- 
^Bfej,  from  which  all  the  different  parts  of  the  encephalon  are  after 
^^ard  to  be  developed.  The  first,  or  most  anterior  cerebral  vesicle 
^■b  destined  to  form  the  hemispheres;  the  second,  or  middle,  the 
^^ibercula  quadrigemina ;  and  the  third,  or  posterior,  the  medulhi 
oblongata.  All  three  vesicles  are  at  this  time  hollow,  and  theu 
iO  • 


Formntldii   of   C^tin- 

a,  b.  Bploil  cord.  i*.  Co- 
pbnilta  extwroay-  d. 
Caudal  extromUj 
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accordingly  bounded  on  one  side  by  a  very  thin,  projecdng,  cr^  j 
centio  edge.  These  are  the  orifices  of  the  uteriiie  vesaeliv  paaoag 
into  the  pIaGent:i  and  torn  off  at  their  necks,  as  above  doocribed ; 
and  by  carefully  following  them  with  the  probe  and  Bctflaonis^  thqr 
are  found  to  lead  at  onoe  into  extensive  empty  cavities  (ibo  pla- 
cental sinuses)^  situated  between  the  foetal  tails*  We  have  alreidy 
shown  that  these  cavities  are  filled  daring  life  with  the  malemvl 
blood ;  and  there  is  every  reason  to  believe  that  before  delivery, 
and  while  the  circulation  is  going  on,  the  ptoeenta  as  at  leasl  Ivioo 
as  large  as  after  it  has  been  detached  and  expeUod  from  the  ulema 

The  placenta,  accordingly^  is  a  double  organ,  formed  partly  by 
the  chorion  and  partly  by  the  decidua ;  and  en  ■  i'  of  txMens^ 
and  foetal  bloodvessel-^,  inextricably  entangled  *-.-x  „...:•  nl  witU< 
other. 

The  part  which  this  organ  takes  in  the  development  of  iba  ketos^ 
IS  an  exceedingly  important  one.  From  the  date  of  its  fonnatioa 
at  about  the  beginning  of  the  fourth  month,  it  oonstitulea  the  oal; 
channel  through  which  nourishment  is  conveyed  from  the  iDOlfaef 
to  the  foetus*  The  nutritious  materials,  which  circtilate  in  iliiift^ 
dance  in  the  blood  of  the  maternal  sinuses,  pass  through  the  iater- 
vening  membrane  by  endosmosis^  and  enter  the  blood  of  tlte  fiBlxia 
The  healtliy  or  injurious  regimen,  to  which  the  mother  is  solgiooiai 
will  accordingly  exert  an  almost  immediate  influence  upotk 
child.  Even  medicinal  subfitances,  taken  by  the  mother  and 
sorbed  into  her  circulation,  may  readily  transude  through  ibe  pW^ 
cental  vessels ;  and  they  have  been  known  in  this  way  lo  exeft  i 
specific  effect  upon  the  foetal  organization* 

The  placenta  is,  furthermore,  an  organ  of  exbalatian  as  w^U,  «i 
of  absorption.  The  excreraentitioua  substances,  ppoduoed  in  ib$ 
circulation  of  the  fijetus,  are  undoubtedly  in  great  measure  di^putfi 
of  by  transudation  through  the  walls  of  the  placental  vesMds.  to  be 
afterward  discharged  by  the  excretory  organs  of  the  motber.  The 
system  of  the  mother  may  therefore  be  affected  in  tUis  maimer  bj 
influences  derived  from  the  foetus^  It  has  beeA  remaricod  mcirt 
than  once,  in  the  lower  animals,  that  when  the  female  has  iwosite 
cessive  litters  of  young  by  different  males,  the  young  of  tha  s^omi 
litter  will  sometimes  bear  marks  resembling  those  of  the  Srst  WMh 
In  these  instances,  the  peculiar  influence  which  produces  lie  ax 
ternal  mark  muat  have  been  transmitted  by  the  first  male  dtiedl; 
to  the  foetus,  fVom  the  fcetus  to  the  mother,  and  from  the  moclier  ^ 
the  foetus  of  the  second  litter. 
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It  is  also  througli  the  placental  circulation  that  those  disturbing 
eftects  are  produced  upon  the  nutritioa  of  the  foetus,  which  result 
from  sadden  shocks  or  injuries  inflicted  upon  the  mother.    There  is 
DOW  little  room  for  doubt  that  various  deformities  and  deficiencies  of 
the  fcBtus,  conformably  to  the  popular  belief,  do  really  originate,  in 
certain  cases,  from  nervous  impressions,  such  as- disgust,  fi^ar  or  anger^ 
experienced  by  the  mother.    The  mode  in  which  these  effects  may 
be  produced  is  readily  understood  from  what  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta^    We  know  very  well 
how  easily  nervous  impressions  will  disturb  the  circulation  in  the 
brain,  the  face,  the  lungs,  &c. ;  and  the  uterine-  circulation  is  quite 
as  readily  influenced  by  similar  causes,  as  physicians  see  every  day 
in  cases  of  amenorrhcea,  menorrhagia,  &c.    If  eu  nervous  shock  may 
excite  premature  contraction  in  the  muscular  fibres  of  the  pregnant 
uterus  and  produce  abortion,  as  not  unfrequently  happens^  it  is  cer- 
tainly capable  of  disturbing  the  course  of  the  circulation  through 
the  same  organ.    But  the  fcetal  circulation  is  dependent^  to  a  great 
extent,  on  the  maternal.    Since  the  two  sets  of  vessels  are  so  closely 
entwined  in  the  placenta,  and  since  the  foatal  blood  has  here  much 
the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
laries  has  to  the  air  in  the  air- vesicles,  it  will  be  liable  to  de- 
gement  from  similar  causes.     If  the  circulation  of  air  through 
the   pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also.    In  the  same  way,  what- 
ever arrests  or  disturbs  the  circulation  through  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  that 
iQ  the  fcetal  capillaries  forming  part  of  the  placenta.     And  lastly, 
as  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta, 
it  will  of  course  suffer  immediately  from  any  such  disturbance  of 
the  placental  circulation.    These  effects  may  be  manifested  either 
Kin  the  general  atrophy  and  death  of  the  foetus  j  or,  if  the  disturbing 
Hlbause  be  slight,  in  the  atrophy  or  imperfect  development  of  par- 
Bticular  parts ;  just  as,  in  the  adult^  a  morbid  cause  operating  through. 
Bifche  entire  system,  may  be  flrst  or  even  exclusively  manifested  in 
~-eome  particular  organ,  which  is  more  sensitive  to  its  influence  than 

other  parts, 
Hr  The  placenta  must  accordingly  be  regarded  as  an  organ  which 
^performs,  durmg  intra-uterine  life,  offices  similar  to  those  of  the 
lungs  and  the  intestine  after  birth.  It  absorbs  nourishment,  reno- 
vates the  blood,  and  discbarges  by  exhahition  various  excrementi- 
tious  matters,  which  originate  in  the  processes  of  foetal  nutrition. 


HcMAic  OvrJI  «t«nd  of  tliird  iDt»atJi»  hUovliJg 
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Ding  of  the  fiftli  month,  comes  ia  contact  with  the  internal  surface 

of  the  chorion.    Finally,  toward  the  end  of  gesUvtioB,  the  cootact 

becomes  so  close  between  these 

two  membranes  that  thej^are 

partially    adherent    to    each 

other,  and  it  requires  a  little 

care  to  separate  them  without 

laceration. 

The  quantity  of  the  amniotic 
fluid  continues  to  increase  dar- 
ing the  latter  period  of  gesta- 
tion in  order  to  accommodate 
the  movements  of  the  foetus. 
These  movements  begin  to  he 
perceptible  about  the  filth 
month,  at  which  time  the 
muscular  system  has  already 
attained  a  considerable  degree  of  development,  but  become  afte^' 
ward  more  frequent  and  moi'e  strongly  pronounced.  The  space 
and  freedom  requisite  for  these  movements  are  provided  for  by  the 
fluid  accumulated  in  the  cavity  of  the  amnion. 

The  umbilical  cord  elongates,  at  the  same  time,  in  proportion  to 
the  increasing  size  of  the  amniotic  cavity.  During  its  growth,  it 
becomes  spirally  twisted  from  fight  to  left,  the  two  umbilical  arte^ 
ries  winding  round  the  vein  in  the  same  direction.  The  gelatinous 
matter,  as  already  descril^ed  as  existing  between  the  amnion  and 
chorion,  while  it  disapj>ears  elsewhere,  accumulates  in  the  cord  in 
considerable  quantity,  covering  the  vessels  with  a  thick,  elastic  en- 
velope, which  protects  them  from  injury  and  prevents  their  being 
accidentally  compressed  or  obliterated.  The  whole  is  covered  by  a 
portion  of  the  amnion,  which  is  connected  at  one  extremity  mth  the 
integument  of  the  abdomen,  and  invests  the  whole  of  the  cord  with 
a  continuous  sheath,  like  the  finger  of  a  glove.  (Fig.  231.) 

The  cord  also  contains,  for  a  certain  period,  the  pedicle  or  stem 
of  the  umbilical  vesicle.  The  situation  of  this  vesicle,  it  mil  be 
recollected,  is  always  between  the  chorion  and  the  amnion,  Ite 
pedicle  gradually  elongates  with  the  growth  of  the  umbilical  cord : 
and  the  vesicle  itself,  which  generally  disappears  soon  after  the 
third  month,  sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh. 
According  to  Prof.  Mayer,  of  Bonn,  it  may  even  be  found,  by  care* 
ful  search,  at  the  termination  of  pregnancy.     When  discovered  in 
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In  the  human  subject,  as  well  as  in  most  quadrupeds^  the  mem- 
branes of  the  egg  are  usually  ruptured  during  the  process  of  par- 
turition; and  the  fcetua  escapes  first,  the  pkcenta  and  the  rest  of 
the  appendages  following  a  few  moments  afterward.  Occasionally, 
however,  even  in  the  human  subject^  the  egg  is  discharged  entira, 
and  the  fcetus  liberated  afterward  by  the  laceration  of  the  mem* 
branes.  In  each  case,  however,  the  mode  of  separation  and  expul* 
sion  is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore,  consists  essentially  in  a 
separation  of  the  decidual  membrane,  which^  on  being  discharged, 
brings  away  the  ovum  with  it  The  greater  part  of  the  decidua 
vera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
of  pregnancy,  is  by  this  time  nearly  destitute  of  vessels,  and  sepa- 
rates, accordingly,  without  any  perceptible  hemorrhage.  That  por- 
tion, however,  w^hich  enters  into  the  formation  of  the  placenta,  is, 
n  the  contrary,  excessively  vascular ;  and  when  the  placenta  is 
iparated,  and  its  maternal  vessels  torn  oflf  at  their  necks,  as  before 
.tioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
ediately  follows  the  birth  of  the  foetus.  This  hemorrhage, 
hich  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
not  come  from  the  uterine  vessels  proper.  It  consists  of  the 
lood  which  was  contained  in  the  placental  sinuses^  and  which  is 
.pelled  from  them  owing  to  the  compression  of  the  placenta  by 
e  walls  of  the  uterus.  Since  the  whole  amount  of  blood  thus 
ist  was  previously  employed  in  the  placental  circulation,  and  since 
e  placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasani 
eftect  is  produced  upon  the  mother  by  such  a  hemorrhage,  because 
the  natural  proportion  of  blood  in  the  rest  of  the  maternal  system 
remains  the  same.  Uterine  hemorrhage  at  the  time  of  parturition, 
therefore^  becomes  injurious  only  when  it  continues  after  complete 
separation  of  the  placenta;  in  which  case  it  is  supplied  by  the 
^^nouths  of  the  uterine  vessels  themselves,  left  open  by  failure  of  the 
^Ktcrine  contractions.  These  vessels  are  usually  instantly  closed, 
^Kiler  separation  of  the  placenta,  by  the  contraction  of  the  muscular 
■  fibres  of  the  uterus.  They  pass,  as  we  have  already  mentioned,  in 
an  exceedingly  oblique  direction,  from  the  uterine  surface  to  the 
placenta;  and  the  muscular  fibres,  which  cross  them  transversely 
above  and  below,  necessarily  constrict  them,  and  effectually  close 
their  orifices,  immediately  on  being  thrown  into  a  state  of  contraction. 
Another  very  remarkable  phenomenon,  connected  with  preg- 
nancy and  parturition  is  the  appearance  in  the  uterus  of  a  new 
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miiooas  membrane,  growing  tinderneath  the  old,  and  readj  la 
lake  the  place  of  the  latter  at\er  its  diseharge. 

If  the  internal  surface  of  the  body  of  the  uterus  be  examiaed 
immediately  after  parturition,  it  will  be  seen  that  at  the  spoiiriKfe 
the  placenta  wnts  attached,  every  trace  of  mucous  membranfl  \m 
disappeared.  The  muficular  fibres  of  the  uterus  are  here  peifaoilf 
exposed  and  bare ;  while  the  mouths  of  the  ruptured  uterine sinoies 
are  also  visible,  w;ith  their  thin,  ragged  edges  hanging  iDt*>  the 
cavity  of  the  uterus,  and  their  orifices  plugged  with  mora  or  ha 
abundant  bloody  coagula. 

Over  the  rest  of  the  uterine  surface,  the  decidua  vara  luia  ils) 
disappeared.  Here,  however,  notwithstanding  the  lorn  of  th*  ori- 
ginal mucous  membrane,  tlje^  muscular  fibres  are  not  perfectly  btji^ 
but  are  oovei%d  with  ft  thin,  semi-transparent  film,  of  a  whitish  «oior 
and  soft  consistency.  This  film  is  an  imperfect  mucoui  membrm 
of  new  formation,  which  begins  to  be  produced,  undcrofiatli  lit 
old  decidqa  vera,  as  early  as  the  beginning  of  the  eighth  momk. 
We  have  seen  this  new  mucous  membrane  very  distinctly  in  tie 
uterus  of  a  woman  who  died  undelivered  at  the  abare  penod 
Tlie  old  mucous  membrane,  or  decidua  vera»  is  at  this  litnQ  m^^ 
what  opaque,  and  of  a  slightly  yellowish  color^  owing  to  s  pat 
fatty  degeneration  whioh  it  undergoes  in  the  latter  montlts  of  jir^l 
nancy »  It  is  easily  raised  and  separated  from  the  subjacent 
owing  to  the  atrophy  of  its  vascular  eonnections;  and  tlie 
mucoas  membrane,  situated  beneath  it,  is  readily  distitigiSLsbedt)| 
its  fresh  color,  and  healthy,  transparent  aspect. 
I  The  mucous  membrane  of  the  cervix  uteri,  which  thkm  no  ptft 
in  the  formation  of  the  decidua,  is  not  thrown  oft'  in  j^i 
but  remains  in  its  natural  position;  and  after  delivery  n 
seen  to  terminate  at  the  os  internum  by  an  uoeven,  lacerated  i 
where  it  was  formerly  continuous  with  the  decidua  vem. 

Subsequently,  a  regeneration  of  the  mucous  membrane  taloetl 
over  the  whole  extent  of  the  body  of  the  uterus.     The  iiDMItl 
membrane  of  new  formation,  which  is  already  in  existenoe  •!  lH«  1 
time  of  delivery,  becomes  thickened  and  vascular;  and  glaodnUr 
tubules  are  gradually  developed  in  its  substance.     At  the  aod  rf 
two  months  after  delivery,  according  to  Heschl'  and  Loogei*'  N  hn 
•totirely  regained  the  natural  structure  of  the  uterine  muconi  i 


*  ZettRchnft  der  K.  X,  G«ienfich«fl  der  AeftU,  in  Wfoii^  l§tt 
9  Tr&it6  de  PhjrHfologi^.     De  1«  CMntraiio^  p,  178, 
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brane.    It  unites  at  tbe  os  interum,  by  a  linear  cicatrix^  witb  the 
mucous  membrane  of  the  cervix,  and  the  traces  of  its  laceration  at 
this  spot  afterward  cease  to  be  visible.    At  the  point,  however. 
where  the  placenta  was  at- 
tached, the  regeneration  of  Fig*  232. 
the   mucous   membrane  is 
less  rapid;  and  a  cicatrix- 
like  spot  is  often  visible  at 
this    situation   for    several 
months  after  delivery. 

The  only  further  change, 
which  remains  to  be  de< 
seribed  in  this  connection, 
28  the  fatty  degeneration 
and  reconstruction  of  the 
muscular  substance  of  the 
uterua  This  process,  which 
is  sometimes  known  as  the 
*  involution"  of  the  uterus, 
takes  place  in  the  following 
xnanner.  The  muscular 
fibres  of  the  unimpregnated 
uterus  are  pale,  flattened, 
spindle-shaped  bodies  (Fig. 
232)  nearly  homogeneous 
in  structure  or  very  faintly 
granular,  and  measuring 
from  y(q  to  sii,  of  an  inch 
in  length,  by  toooo  to  ^^^o, 
of  an  inch  in  width.  During 
gestation  these  fibres  in- 
orease  very  considerably  in 
size.  Their  texture  becomes 
much  more  distinctly  granu- 
lar, and  their  outlines  more 
strongly  marked.  An  oval 
nucleus  also  shows  itself  in 

the  central  part  of  each  fibre.  The  entire  walls  of  the  uterus,  at  the 
time  of  delivery,  are  composed  of  such  muscular  fibres,  arranged  in 
circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  first  week  after  delivery,  these  fibres  begin 
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accordingly  bounded  on  one  side  by  a  very  thin^  prqjecliiig;  crts^l 
centio  edge.  These  are  the  orifices  of  the  uterine  vessela^  paani^  ' 
into  the  placenta  and  torn  off  at  their  necks,  as  above  described ; 
and  by  carefully  following  them  with  the  probe  and  9ciaBor9i  ibey 
are  found  to  lead  at  onoe  into  extensive  empty  cavities  (the  pl^ 
cental  sinuses),  situated  between  the  foetal  tufts.  We  have  fJnoidjr 
shown  that  these  cavities  are  filled  during  life  witb  the  EEkAMval 
iblood ;  and  there  is  every  reason  to  believe  th^t  before  delivcfj, 
ftnd  while  the  circulation  is  going  on,  the  placenta  is  at  least  tirioe 
as  large  as  after  it  has  been  detached  and  expelled  firom  the  uterua 

The  placenta,  accordingly,  is  a  double  organ,  formed  partly  hj 
the  chorion  and  partly  by  the  decidua ;  and  consisting  of  malensil 
and  fi^tal  blood  vessel^  inextricably  entangled  and  united  witU  oaqh 
other. 

The  part  which  this  organ  takes  m  the  development  oftljo  fa 
is  an  exceedingly  important  one.  From  the  date  of  ns.  t'urmi^ii 
at  about  the  beginning  of  the  fourth  month,  it  oonstiiutes  the  ool; 
channel  through  which  nourishment  ia  conveyed  from  the  inellioi 
to  the  foetus.  The  nutritious  materials,  which  oiroulate  i&  aboi^ 
dance  in  the  blood  of  the  maternal  sinuses,  pass  through  ilie  inlBr 
vening  membrane  by  endosmosis^  and  enter  the  blood  of  the  h^m 
The  healthy  or  injurious  regimen,  to  which  the  mother  is  sabjecMi 
will  accordingly  exert  an  almost  immediate  infiuencsB  opoa  tin 
child.  Even  medicinal  substances,  taken  by  the  mother  a&d  i^ 
sorbed  into  her  circulation,  may  readily  transode  tbrough  the  pli> 
cental  vessels ;  and  they  have  been  known  ia  this  way  to  eJMrti 
flpeeiflc  effect  upon  the  fcetal  organissation. 

The  placenta  is,  furthermore,  an  organ  of  exhalation  aa  weS 
of  absorption.  The  excrementitious  substancea,.  produced  in 
circulation  of  the  foetus,  are  undoubtedly  in  great  measure  dii|Kttfli 
of  by  transudation  through  the  walls  of  the  placental  vesseU,  Ki  be 
afterward  discharged  by  the  excretory  organs  of  the  moiher.  Tht 
system  of  the  mother  may  therefore  be  affected  in  tliis  manner  t  j 
influences  derived  from  the  fcetus^  It  has  been  remmriced  man 
than  once,  in  the  lower  animals,  that  when  the  female  baa  two  m^ 
cessive  litters  of  young  by  different  males,  the  yuung  of  ibe  aeooal 
litter  will  sometimes  bear  marks  resembling  those  of  the  first  fluJa 
In  these  instances,  the  peculiar  influence  which  prodace^  llktcx 
ternal  mark  must  have  been  transmitted  by  the  first  male  diiMlIf 
ro  the  foetus,  from  the  fcetus  to  the  mother,  and  froia  iho  moiha  ^ 
the  foetus  of  the  second  litter. 


Tt  is  also  througK  the  placsental  circtilation  that  those  disturbing 
eftecta  are  produced  upon  the  nutrition  of  the  foetus,  which  result 
from  suddeo  shocks  or  injuries  in6icted  upon  the  mother*  There  i& 
now  little  room  for  doubt  that  varioua  deformities  and  deficiencies  of 
the  foetus,  oonformably  to  the  popular  beliei^  do  really  originate,  ia 
certain  cases,  from  nervous  impressions,  such  as  disgufitj  fear  oranger, 
experienced  by  the  mother.  The  mode  in  which  tbeae  effects  may 
be  produced  is  readily  understood  from  what  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta.  We  know  very  well 
how  easily  nervous  impressions  will  disturb  the  eirculation.  in  the 
brain,  the  face,  the  lungs,  &c. ;  and  the  uterine  eirculation  is  quite 
as  readily  influenced  by  similar  causes,  as  ph^ysiciana  see  every  day 
in  cases  of  amenorrhoea,  menorrhagia,  &o.  If  a  nervous  shock  may 
excite  premature  contraction  in  the  muscular  fibres  of  the  pregaani 
uterus  and  produce  abortion,  as  not  unfrequently  happens^  it  is  cer- 
tainly capable  of  disturbing  the  course  of  the  circulation  through 
the  same  organ.  But  the  fcetal  circulation  is  dependent^  to  a  great 
extent,  on  the  maternaL  Since  the  two  sets  of  vessel  are  so  closely 
entwined  in  the  placenta,  and  since  the  foetal  blood  has  here  much 
the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
Capillaries  has  to  the  air  in  the  air- vesicles,  it  will  be  liable  to  de- 
rangement from  similar  causes.  If  the  circulation  of  air  through 
the  pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also.  In  the  same  way,  what* 
over  arrests  or  disturbs  the  circulation  through  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  tliat 
in  the  foetal  capillaries  forming  part  of  the  placenta.  And  lastly, 
I  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta^ 
;  will  of  course  sufier  immediately  from  any  auch  disturbance  of 
the  placental  circulation.  These  effects  may  be  manifested  either 
in  the  general  atrophy  and  death  of  the  foetus ;  or,  if  the  disturbing 
cause  be  slight,  in  the  atrophy  or  imperfect  develapment  of  par- 
ticular parts ;  just  as,  in  the  adult,  a  morbid  cause  operating  through 
the  entire  system,  may  be  first  or  even  exclusively  manifested  in 
gome  particular  organ,  which  is  more  sensitive  to  its  influence  than 
other  parts. 

The  placenta  must  accordingly  be  regarded  as  an  organ  which 
performs,  durmg  intra-uterine  life,  offices  similar  to  those  of  the 
lungs  and  the  intestine  after  birth.  It  absorbs  nourishment,  reno 
vates  the  blood,  and  discharges  by  exhalation  various  excrementi- 
tioU9  matters,  which  originate  in  the  processes  of  foetal  nutrition. 
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In  the  human  gubjecti  as  well  as  in  most  quadrupeds,  the  mem- 
branes of  the  egg  are  usually  ruptured  duriog  the  process  of  par- 
turition ;  and  the  foetus  escapes  first,  the  placenta  and  the  rest  of 
the  appendages  following  a  few  moments  afterward*  Occasionally, 
however,  even  in  the  human  subject,  the  egg  is  discharged  entire^ 
and  the  foetus  liberated  afterward  by  the  laceration  of  the  mem* 
branea.  In  each  case,  however,  the  mode  of  separation  and  expul* 
aion  is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore,  consists  essentially  in  a 
separation  of  the  decidual  membrane,  which,  on  being  discharged, 
brings  away  the  ovum  with  it.  The  greater  part  of  the  decidua 
vera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
I  of  pregnancy,  is  by  this  time  nearly  destitute  of  vessels,  and  sepa- 
^Rates,  accordingly,  without  any  perceptible  hemorrhage.  That  por- 
^^ion,  however,  which  enters  into  the  formation  of  the  placenta,  is, 
on  the  contrary,  ejccessively  vascular ;  and  when  the  placenta  is 
separated,  and  its  maternal  vessels  torn  off  at  their  necks,  as  before 
mentioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
immediately  follows  the  birth  of  the  foetus.  This  hemorrhage, 
"^i^hich  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
does  not  come  from  the  uterine  vessels  proper.  It  consists  of  the 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is 
^^pelled  from  them  owing  to  the  compression  of  the  placenta  by 
^®  Mralls  of  the  utems.  Since  the  whole  amount  of  blood  thus 
^  ^as  previously  employed  in  the  placental  circulation,  and  since 
placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant 
.  ^r  ^^^  is  produced  upon  the  mother  by  such  a  hemorrhage^  because 
^^  Natural  proportion  of  blood  in  the  rest  of  the  maternal  system 
$1^2^^^^^^  *he  same.  Uterine  hemorrhage  at  the  time  of  parturition, 
^  ^foz-e^  becomes  injurious  only  when  it  continues  after  complete 
fe^/*  ^^'^  of  the  placenta;  in  wliich  case  it  is  supplied  by  the 

.^  ihs  of  the  uterine  vessels  themselves  left  open  by  failure  of  the 
\4o^  <iontractioas*  These  vessels  are  usually  instantly  closed, 
'^^^^^^i.ratiott  of  the  placenta,  by  the  contraction  of  the  muscular 
►*^^^^*  '^he  uterus.  They  pass,  as  we  have  already  mentioned,  in 
lingly  oblique  direction,  from  the  uterine  surface  to  the 
-5  and  the  muscular  fibres,  which  cross  them  transversely 
^  ^  below,  necessarily  constrict  them,  and  effectually  close 
^3631,  immediately  on  being  thrown  into  a  state  of  contraction. 
^r  very  remarkable  phenomenon,  connected  with  preg- 
^  parturition  is  the  appearance  in  the  uterus  of  a  new 
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brane.    It  unites  at  the  os  interum,  by  a  linear  cicatrix,  with  the 

mucous  membrane  of  the  cervix^  and  the  traces  of  its  laoeration  at 

this  spot  afterward  cease  to  be  visible.    At  the  pointy  however. 

where  the  placenta  was  at- 
tached, the  regeneration  of  F'g*  232. 

the   mucous   membrane  is 

less  rapid;  and  a  cicatrix- 

like  spot  is  often  visible  at 

this    situation   for    several 

months  after  delivery. 
The  only  furtb^  change. 

which   remains  to  be  de- 
scribed in  this  connection, 

is    the   fatty   degeneration 

and  reconstruction  of  the 

muscular  substance  of  the 

uterus.   This  process,  which 

is  sometimes  known  as  the 

*  involution^'  of  the  uterus, 

takes  place  in  the  following 

XiHanner.       The    muscular 

fibres  of  the  unimpregnated 

uterus  are  pale,  flattened, 

spindle-shaped  bodies  (Fig. 

232)  nearly    homogeneous 

in  structure  or  very  faintly 

granular,    and    measuring 

fr<Mn  jiji  to  ^i^  of  an  inch 

in  length,  by  tooou  ^  grf^,, 

of  an  inch  in  width.  During 

gestation    these    fibres   in- 
crease very  considerably  in 

size.  Their  texture  becomes 

much  more  distinctly  granu- 
lar, and  their  outlines  more 

strongly  marked.    An  oval 

nucleus  also  shows  itself  in 

the  central  part  of  each  fibre.  The  entire  walls  of  the  uterus,  at  the 
time  of  delivery,  are  composed  of  such  muscular  fibres,  arranged  in 
circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  first  week  after  delivery,  these  fibres  begin 
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Fig.  235. 


CHAPTER  XIV, 

MENT  OP  THE  EMBRYO— NERVOUS  SYSTEM 
fS  OF  SENSE,  SKELETON,  ANI>   LIMBS, 

trace  of  a  spiDal  cord  in  the  embryo  consists  of  the 
fitudinal  fold  or  ridge  of  the  Tjlastodermio  membrane, 
itself  at  an  early  period,  aa(  above  described,  oc  each 
edian  furrow.     The  two  laminae  of  which  this  is  com- 

1©  right  and  left  sides  (Fig,  235,  a,  b),  unite  with  each 
^nty  forming  a  rounded  dilatation  (c), 

extremity,  and  behind  at  d,  forming 

r  caudal  extremity*    Near  the  pos- 

mity,  there  is  a  smaller  dilatation, 

s  the  future  situation  of  the  lumbar 
t  of  the  spinal  cord. 
tmina^  above  described  grow  upward 

rd,  they  unite  with  each  other  upon 

line,  so  that  the  whole  is  converted 
m  cylindrical  cord,  terminating  ante- 
fbulbuus  enlargement,  and  posteriorly 
»d   enlargement;   the  central  cavity 

itains  running  continuously  through 

:tto  rear* 

change  which  shows  itself  is  a  divi- 

anterior  bulbous  enlargement  into 
dary  compartments  or  vesicles  (Fig* 

are  partially  separated  from  each  other  by  transverse 

L  These  vesicles  are  known  as  the  three  cerebral  vm- 
iiich  all  the  different  parts  of  the  encephalon  are  after 
developed.    The  first,  or  most  anterior  cerebral  vesicle 

to  form  the  hemispheres;  the  second,  or  middle,  the 
uadrigeraina ;  and  the  third,  or  posterior,  the  meduiln 

All  three  vesicles  are  at  this  time  hollow,  and  their 
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Dver  the  medalla  oblongata.    The  subsequent  history 
elopmeot  of  the  eucephaloD  is  Utile  more  than  a  con- 

if  ig,  23g.  Pig,  239. 
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r  the  same  process ;  the  relative  dimensions  of  the  parts 
changing,  so  that  the  hemispheres  become,  in  the  adtUt 
J.  2-iU),  the  largest  of  all  the  divisions  of  the  ence- 

Fig.  240. 


the  cerebellum  is  next  in  size,  and  covers  entire!? 
tion  of  the  medulla  oblongata.  The  surfaces,  also,  of 
es  and  cerebellum,  which  were  at  first  smooth,  become 
bnvolnted;  increasing,  in  this  way,  still  farther  the 
rheir  nervous  matter.  In  the  human  foetus,  these  con* 
win  to  appear  about  the  beginning  of  the  fifth  month 
ad  grow  constantly  deeper  and  more  abundant  during 
3er  of  foetal  life. 

ral  portions  of  the  brain  growing  at  the  same  time  mora 
that  which  is  situated  on  the  median  line,  they  soon 
nch  side  outward  and  upward ;   and^  by  folding  over 
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against  eacli  other  in  the  median  line,  form  the  right  and  left 
fipheres,  separated  from  each  other  by  the   Ungxiudinal  Jmu\ 
A  similar  process  of  growth  taking  place  ra  the  spinal  cord  resdl 
in  the  formation  of  the  two  lateral  columns  and  the  antenormd 
terior  median  fissnrea  of  the  cord*    Elsewhere  the  median  fissun? 

I  less  complete,  as,  for  example^  between  the  two  lat- 
cerebellum,  the  two  optic  thalami  and  corpora  striL  _  .     .    .  j  t 
tubercula  quadrigcmina ;  but  it  exists  everywhere,  and  nuirks  more 

t.or  less  distinctly  the  division  between  the  two  sides  of  the  nerrom 

tcentrcs,  produced  by  the  excessive  growth  of  their  lateral  portioiaA. 
In  this  way  the  whole  cerebro-spinal  axis  is  converted  into  a  doobii  ^ 
organ,  equally  developed  upon  the  right  and  left  sides,  and  p!art]i!!^fl| 
divided  by  a  longitudinal  median  fissure,  ™ 

Otgans  of  Special  Sense, — The  eyes  arc  formed  by  a  direfticQlimi 
which  grows  out  on  each  side  from  the  first  cerebral  Tcsacle. 
diverticulum  is  at  first  hollow,  its  cavity  ^  with 

of  the  hemisphere.    Afterward^  the  passa^-;  voisiHM, 

up  with  a  deposit  of  nervous  matter,  and  becomes  the  optic 
The  globular  portion  of  the  diverticulum,  which  is  c^ 
the  globe  of  the  eye,  has  a  very  thin  layer  of  nervous  i^.**..  ,   *  ,- 
sited  upon  its  internal  surface,  which  becomes  the  rrtina;  i\^  tM 
of  its  cavity  being  occupied  by  a  gelatinous  semi-fluid  5 
the  vitreous  body.     The  crystalline  lens  is  formed  in  a  '^j5 

'licle,  which  is  an  ol&hoot  of  the  integument,  and  bt50otu<^  inn 
imbedded  in  the  anterior  portion  of  the  globe  of  the  eye. 
cornea  also  is  originally  a  part  of  the  i:  and 

partially  opaque  until  a  very  late  periotl  ol  nt     DafiitiAl 

clears  up,  howevct-,  and  becomes  perfectly  traospapent  aboftly  l^ 
fore  birth. 

The  iris  is  a  muscular  septnm  which  is  formed  in  Tron:  ^,  , 
crystalline  leus,  separating  the  anterior  and  pouterior  ehambcrt 
the  aqueous  humor.  Its  central  opening,  which  afterward  b^cofwi 
the  pupil,  is  at  first  closed  by  a  vascular  membrane,  the  p^pObfj 
membrane^  passing  directly  across  the  axis  of  the  eye.  Tbo  rmmk 
of  this  membrane,  which  are  derived  from  those  of  the  iris,  fiiw^ 
quently  become  atrophied.  They  disappear  first  from  ltd  tesht 
and  afterward  recede  gradually  toward  its  circumferen^^e ;  rrtmbf 
always  upon  themselves  in  loops,  the  convexities  of  which  u^frdiiVQlrf 
toward  the  centre  of  the  membrane.    The  |  •      "  f-nbimw  iWfK 

finally  becomes  atrophied  and  destroyeti,  ,^     n  this  iili^ 

grade  process  the  direction  of  its  receding  blood vcssoU  rta,  (im 
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the  centre  toward  the  circumference.  It  has  completely  disappeared 
bj  the  end  of  the  seventh  month,  (Cruveilhier.) 

Tlie  eyelids  are  formed  by  folds  of  the  integument,  which 
gradually  project  from  above  aud  below  the  situation  of  the  eye* 
ball.  They  grow  so  rapidly  during  the  second  and  third  months 
that  their  free  margins  come  in  contact  and  adhere  together,  so  that 
they  cannot  be  separated  at  that  time  without  some  degree  of  vio- 
lence. They  remain  adherent  from  this  period  until  the  seventh 
month  (Guy),  when  their  margins  separate  and  they  bfecome  per- 
fectly free  and  movable.  In  the  carnivorous  animals,  however 
(dogs  aud  cats),  the  eyelids  do  not  separate  from  each  other  until 
eight  or  ten  days  after  birth. 

The  internal  ear  i^  formed  in  a  somewhat  similar  manner  with 
the  eyeball,  by  an  offshoot  from  the  third  cerebral  vesicle;  the 
passage  between  them  filling  up  by  a  deposit  of  white  sub^^tance^ 
which  becomes  the  auditory  nerve*  The  tympanum  and  auditory 
meatus  are  both  offkhoots  from  the  external  integument. 

S/cckton.— At  a  vory  early  period  of  development  there  appears^ 
as  we  have  already  described  (Chap.  VIL)^  immediately  beneath  the 
cerebro-spinal  axis,  a  cylindrical  cord,  of  a  soft,  cartilaginous  con- 
ai&teucyi  termed  the  chorda  dorsala.  It  consists  of  a  fibrous  sheath 
containing  a  mass  of  simple  cells,  closely  packed  together  and 
united  by  adhesive  material.  This  cord  is  not  intended  to  be  a 
permanent  part  of  the  skeleton,  but  is  merely  a  temporary  organ 
destined  to  disappear  as  development  proceeds. 

Immediately  around  the  chorda  dorsalis  there  are  deposited  soon 
afterward  a  number  of  cartilaginous  plates,  which  encircle  it  in  a 
serieB  of  rings,  corresponding  in  number  with  the  bodies  of  the  future 
vertebrae.  These  rings  increase  in  thickness  from  without  inwartl, 
encroaching  upon  the  substance  of  the  chorda  dorsalis,  and  finally 
taking  its  place  altogether.  The  thickened  rings,  which  have  been 
filled  up  in  this  way  and  Bolidified  by  cartilaginous  deposit,  become 
the  bodies  of  the  vertebrae;  while  their  transverse  and  articulating 
processes,  with  the  lamince  and  spinous  processes,  are  formed  by 
subeequent  outgrowths  from  the  bodies  in  various  directions. 

When  the  union  of  the  dorsal  plates  upon  the  median  line  fails 
to  take  place,  the  spinal  canal  remains  open  at  that  situation,  and 
presents  the  malformation  known  as  spina  bifida.  This  malforma- 
tion  may  consist  simply  in  a  fissure  of  the  spinal  canal,  more  or  less 
extensive,  in  which  case  it  may  often  be  cured,  or  may  even  close 
spontaneously ;  or  it  may  be  complicated  with  an  imperfect  dev^ 
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omen,  and  terminates  in  a  pointed  extremity.     The 

[ower  half  of  the  body,  with  the  spinul  column  and  appendages,  is 

also  strongly  twisted,  from  left  to  right;  so  that  the  pelvis  is  not 

mly  curled  forward,  but  also  faces  at  right  angles  to  tbe  direction 

the  head  and  upper  part  of  the  body. 

ubficquently  the  spinal  column  becomes 

raighter  and  loses  its  twisted  form.    At 

,e  aame  time  the  jnilvis  and  the  muscular 

seated  upon  it  grow  so  much  faster 

than  the  sacrum  and  coccyx^  that  the  latter 

become  concealed  under  the  adjoining  soil 

parts,  and  the  rudimentary  tail  accordingly 

di^sappears. 

The  inleguitienl  of  the  embryo  is  at  first 

in,  vascular,  and  exceedingly  tran^ipar- 

U    It  afterward   becomes  thicker,  more 

laque,  and   whitish   in  color;   even  at 

irth,  however,  it   is  considerably  more 

'ascular  than  in  the  adult  condition^  and 

,e  ruddy  color  of  its  abundant  capQlary 

^ssels  very  strongly  marked.    The  hairs 

^^n  to  appear  about  the  middle  of  intra-uterine  life;  showing 
themselves  first  upon  the  eyebrows,  and  afterward  upon  the  scalp, 
trunk  and  extremities.  The  nails  are  in  process  of  formation  from 
tli«  third  to  the  fifth  month ;  and,  according  to  Kolliken  are  still 
covered  with  a  layer  of  epidermis  until  after  tbe  latter  period. 
The   sebaceous  matter*  of  the  cutaneous  glandules  accumulates 

Capon  the  skin  after  the  sixth  month,  and  forms  a  whitish,  semi- 
|olid,  oleaginous  layer,  termed  the  vernfx  ca^ema^  which  is  most 
abundant  in  the  flexures  of  the  joints,  between  the  folds  of  the 
iiitBgument,  behind  the  ears  and  upon  the  scalp. 


ilUMty  Zmu%xo^  about  0114 
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eoluzua. 
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11  imperfectly  closed,  leaving  a  wide  opening  at  a,  6,  where 
3gument  of  the  foetus  becomes  continnoxis  with  the  com- 
rf  the  amniotic  membrane.    The  intestine  makes  at 

Fig.  242, 


in.    ff,  r    Id  If  ■(tot.   if. 


ingle  angular  turn  forward,  and  opposite  the  most  promi- 
rtion  of  this  angle  is  to  be  seen  the  obliterated  duct»  which 
le  stem  of  the  umbilical  vesicle,  (r/,)  A  short  distance  below 
nt  the  intestine  subsequently  enlarges  in  its  calibre,  and  the 
a  of  this  enlargement  marks  the  commencement  of  tho 
The  two  portions  of  the  intestine,  after  this  period,  become 
different  from  each  other.  The  upper  portion,  which  is  the 
ntastine,  grows  mostly  in  the  direction  of  its  length,  and 
s  a  very  long,  narrow,  and  convoluted  tube :  while  the  lower 
,  which  is  the  large  intestine,  increases  rapidly  in  diameter, 
agates  less  than  the  former. 

le  point  of  junction  of  the  small  and  large  intestines,  a  latc- 
hing or  diverticulum  of  the  latter  shows  itselt^  and  increases 
nt,  until  the  ileum  seems  at  last  to  be  inserted  obliquely  into 
B  of  the  colon.  This  diverticulum  of  the  colon  is  at  first 
lly  tapering  or  conical  in  shape;  but  afterward  that  portion 
frin&  its  free  extremity,  becomes  narrow  and  elongated,  and 
^  twisted  upon  itself  in  a  spiral  direction,  forming  the 
vermiformis ;  while  the  remaining  portion,  which  is  con- 
?/»  t;he  intestine,  becomes  exceedingly  enlarged,  and  forms 

Ooli  and  the  appendix  are  at  first  situated  near  tho 
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to  undergo  a  fatty  degeneration.  (Fig.  233.)    Their  granules 
come   larger   and    more  prominent^  and  very   soon   jM^ftnift  Uii^ 
appearance  of  molecules  of  fat,  deposited  in  the  stibstaooo  of  Ibo 
fibre.     The  fatty  deposit^  thus  commenced,  increases  in  abcmdaooe; 
and  the  molecules  continue  to  enlnrge  until  they  became  oonrerted 
into  fully  formed  oil-globules,  which  fill  the  interior  of  tlie  ff 

more  or    less    completeli 
^^»-  234,  and  mask,  to  a  certain  cx- 

tent;  ltd  anatomical  dsA* 
racters,  (Fig,  234-)  Till 
universal  fatty  degeaeiv 
tion,  thus  induced,  giYes  to 
the  uterus  a  softer  oooaist- 
ency,  and  a  pale  yeUoviih 
color  which  is  oharsetisriilie 
of  it  at  this  period*  Th$ 
musQular  fibres  whtcb  hsTf 
become  altered  by  ibe  bttj 
deposit  are  aftenrard  gm- 
dually  absorbed  and  distp- 
pear;  their  place  bsbf 
subsequently  Uken  hj 
other  fibres  of  new  fofUki' 
tion,  which  already  b^^ 
to  make  their  appearance  before  the  old  ones  have  been  isomfUdUif 
destroyed.  As  this  process  goes  on«  it  results  finally  in  a  oonplM 
renovation  of  the  muscular  substance  of  the  uterus.  The  ocpo 
becomes  again  reduced  in  size,  compact  in  tissue,  and  of  a  pile 
ruddy  hue,  as  in  the  ordinary  unimpregnated  condition.  This  enliit 
renewal  or  reconstruction  of  the  uterus  is  completed,  aooordiiis  ^ 
Heschl,'  about  the  end  of  the  second  month  after  delivery. 

Op.  oiU 


Slcr«etrtAft  FtBSK«  or  Utrniiir  UrjEmtri,  threw 
W««ki  «fV«r  pftrtufltiou ;  from  &  womma  de«4  v{  ptti- 
lonltit. 
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CHAPTER  XIV. 

^^LOPMEXT  OF  THE  EMBRYO— NERV  OUS  SYSTEM' 
ORGANS   OF  SENSE,   SKELETON,  AND    LIMBS, 


Fig.  235. 


The  first  trace  of  a  spinal  cord  in  the  embryo  consists  of  the 
ble  longitudinal  fold  or  ridge  of  the  blastodermio  membrane, 
"which  ^hows  itself  at  an  early  period,  a^  above  described,  od  each 
»ide  the  median  furrow.  The  two  laminija  of  which  this  is  com-* 
posed,  on  the  right  and  left  sides  (Fig,  2r^5»  a,  i),  unite  with  each 
Other  in  front,  forming  a  rounded  dilatation  (e), 
the  cephalic  extremity,  and  behind  at  d,  forming 
a  pointed  or  caudal  extremity.  Near  the  pos- 
terior extremity,  there  is  a  smaller  dilatation, 
which  marks  the  future  situation  of  the  lumbar 
eiJt  nt  of  the  spinal  cord. 

laminso  above  described  grow  upward 
«ind  backward,  they  unite  with  each  other  upon 
the  median  line,  so  that  the  whole  ia  converted 
into  a  hollow  cylindrical  cord,  terminating  ante- 
riorly  by  a  bulbous  enlargement,  and  posteriorly 
by  a  pointed  enlargement;  the  central  cavity 
which  it  contains  running  continuously  through 
it,  from  front  to  rear. 

The  next  change  which  shows  itself  is  a  divi- 
sion of  the  anterior  bulbous  enlargement  into 
three  secondary  compartments  or  vesicles  (Fig. 
236),  whicb  are  partially  separated  from  each  other  by  transverse 
constrictions.  These  vesicles  are  known  as  the  three  cerebral  vesi- 
cles, from  which  all  the  difterent  parts  of  the  encephalon  are  after 
ward  to  be  developed.  The  first,  or  most  anterior  cerebral  vesicle 
is  destined  to  form  tlie  hemispheres;  the  second,  or  middle,  the 
tubercula  quadrigemina ;  and  the  third,  or  posterior,  the  medullc^ 
oblongata.    All  three  vesicles  are  at  this  time  hollow,  and  their 
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ire  often  swallowed  in  tlie  same  way,  and  maybe  found  in  the 
nium. 

e  gastric  juice  IB  not  secreted  before  birth}  the  contents  of  the 
stomach  being  generally  in  smull  quantity^  clear^  nearly  colorless, 
►nd  neutral  or  alkaline  in  reaction.  '      {  -^ 

The  Uver  is  developed  at  a  very  early  period.  Its  size  in  pro- 
portion to  that  of  the  entire  body  is,  in  fact,  very  much  greater  in 
le  early  months  than  at  birth  or  in  the  adult  condition.  In  the 
cetal  pig  we  have  found  the  relative  size  of  the  liver  greatest 
thin  the  first  month,  when  it  amounts  to  very  nearly  12  per  cent, 
the  entire  weight  of  the  body.  Afterward,  as  it  gtDws  less  rapidly 
other  parts,  its  relative  weight  diminishes  successively  to  10 
cent,  and  6  per  cent. ;  and  is  reduced  before  birth  to  S  or  4  per 
cent.  In  the  human  subject,  also,  the  weight  of  the  liver  at  birth 
between  3  and  4  per  cent,  of  that  of  the  entire  body. 
The  secretion  of  hih  takes  place,  as  we  have  intimated  above, 
during  foatal  life,  in  a  very  scanty  manner.  We  have  found  it,  in 
minute  quantity,  in  the  gall-bladder,  as  well  as  in  the  small  intea- 
tine  at  birth ;  but  it  does  not  probably  take  any  active  part  in  the 
nutritive  or  other  functions  of  the  feet  us  before  that  period. 

The  glycogenic  function  orf  the  liver  commences  during  fostal  IJfe^ 

Ind  at  birth  the  tissue  of  the  organ  is  abundantly  saccharine.    It  is 

markable,  hoT^vever,  that  in  the  early  periods  of  gestation  sugar  is 

produced  in  the  fcetus  from  other  sources  than  the  Uver.    In  very 

oung  foetuses  of  the  pig,  for  example,  both  the  aHantoio  and 


imniotic  fluids  are  saccharine,  a  considerable  time  before  any  sugar 
makes  its  appearance  in  the  tissue  of  the  liver    Even  the  urine,  fn 

Pialf  grown  fcetal  pigs,  contains  an  appreciable  quantity  of  sugar, 
nd  the  young  animal  is  therefore,  at  this  period,  in  a  diabetic  con- 
ition.    This  sugar,  however,  disappears  from  the  urine  before  birth, 
and  also  from  the  amniotic  fluid,  as  has  been  ascertained  by  M.  Ber- 

Iard  :*  while  the  liver  begins  to  produce  a  saccharine  substance,  and 
>  exercise  the  glycogenic  function,  which  it  continues  after  birth. 
^'Develcpmcni  of  the  Phartfnx,  (Esophagus,  dx, — ^We  hare  already 
^en  that  the  internal  canal  consists  at  first  of  a  cylindrical  tube 
srminated  at  each  extremity  of  the  abdominal  cavity  by  a  rounded 
cul-de-sac  (Fig.  242,  c,  c);  and  that  the  openings  of  the  mouth  and 
^bnus  are  subsequently  formed  by  perforations  which  take  place 
^^toongh  the  integument  and  the  i--— --_'  *i=c,t...  and  so  estaV 

IL 


Lf^ont  de  Phjmiologfe  Expert mrnUltf,  Paris,  1S^5,  p.  39S 
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against  each  other  in  the  median  line,  form  the  right  and  left  hen 
spheres,  separated  from  each  other  l^  the  bmffitudinal  Jbsui 
A  similar  process  of  growth  taking  place  in  the  spinal  cord  rcsQlfl 
in  the  formation  of  the  two  lateral  column.^  and  the  anterior  aod  ] 
Iterior  median  fissures  of  the  cord.  Elsewhere  the  median  &88tin&  if 
'less  complete,  as,  for  example,  between  the  two  lateral  halves  of  Ae 
cerebellum,  the  two  optic  thalami  and  corpora  striata,  and  the  two 
tubercnla  quadrigeraina ;  but  it  exists  everywhere,  and  m&rka  more 
or  less  distiactly  the  division  between  the  two  sides  of  Uie  ner 
centres,  produced  by  the  excessive  growth  of  their  lateral  portio 
In  this  way  the  whole  cerebro-spinnl  axis  is  converted  into  a  doxibli 
organ,  equally  developed  upon  tbe  right  and  left  sides^  and 
divided  by  a  longitudinal  median  fissure. 

Organs  of  Special  Sense. — The  eyes  are  formed  hy  a  diverlienlfiB! 
which  grows  out  on  each  side  from  the  first  cerebral  vesicle.  T'  .* 
diverticulum  is  at  first  hollow,  its  cavity  communicating  wiih  tKii 
of  the  hemisphere.  Afterward,  the  passage  between  the  two  U  ^-l-! 
up  with  a  deposit  of  nerVouB  matter,  and  becomes  the  oj 
The  globular  portion  of  the  div^erticulum,  wbich  is  eonvcr 
the  globe  of  the  eye,  has  a  very  thin  layer  of  nerv-xjns  matters 
sited  upon  its  internal  surface,  which  becomes  the  rrtina  ^*  tbe 
of  its  cavity  being  occupied  by  a  gelatinous  semi-fluJd  s«l 
the  vitreous  b^dy.  The  crystalline  lens  is  formed  in  a  dia 
licle,  which  is  an  offshoot  of  the  integument,  and  becomes  | 
imbedded  in  the  anterior  portion  of  the  globe  of  the  eye. 
cornea  also  is  originally  a  part  of  the  integument,  and  nsea^i 
partially  opaque  until  a  very  late  periotl  of  development.  Ila  1 
clears  up,  however,  and  becomes  perfectly  transparent^  shortlr  Wl 
fore  birth.  ' 

The  iris  is  a  muscular  septum  which  isfornied  in  fro;,, 
crystalline  lens,  separating  the  anterior  and  pot^rior  ehambefs  i 
the  aqueous  humor.    Its  central  opening,  which  nfterwnnl 
the  pupil,  is  at  first  closed  by  a  vascular  membrane,  the 
membrane^  passing  directly  across  the  axis  of  the  eya.     Th<> ' 
of  this  membrane,  which  are  derived  from  those  of  the  Wa^  i 
quently  become  atrophied.     They  disappear  f    '   "*         '*?  ' 
'-and  afterward  recede  gradually  toward  it«  circu 
always  upon  themselves  in  loops,  the  convexities  of  whi<jh  nxti 
toward  the  centre  of  the  membrane.    T'  '* 

finally  becomes  atrophied  and  destro       ,  ,^     : 

grade  process  the  direction  of  its  receding  blood  vessel^ 
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lomen,  and  terminates   in   a  poiotetl  extremity.     The  entire 

pwer  half  of  the  body,  with  the  spinal  coluran  and  appendages,  is 

|1so  strongly  twisted^  from  left  to  right;  ao  that  the  pelvis  is  not 

Jy  curled  forward,  but  also  faces  at  right  angles  to  the  direction 

the  head  and  upper  part  of  the  body. 

Subsequently  the  spinal  column  becomes 

jr  and  loses  its  twisted  form.     At 

ae  &ame  time  the  pelvis  and  the  muscular 

ift^  seated  upon  it  grow  so  much  faster 

the  sacrum  and  coccyx,  that  the  latter 

ae  concealed  under  the  adjoining  soft 

,  and  the  rudimentary  tail  accordingly 

ippears* 

The  inttgumeni  of  the  embryo  is  at  first 
ijin,  vascular,  and  exceedingly  traiispar- 
it.  It  afterward  becomes  thicker,  more 
>aque,  and  whitish  in  color;  even  at 
irth,  however,  it  is  considerably  more 
scalar  than  in  the  adult  condition,  and 
le  ruddy  color  of  its  abundant  capillary 
jls  very  strongly  marked.  The  hairs 
egin  to  appear  about  the  middle  of  intra-uterine  life;  showing 
aeraselves  first  upon  the  eyebrows,  and  afterward  upon  the  scalp, 
runk  and  extremities.  The  nails  are  in  process  of  formation  from 
n  the  third  to  the  fifth  month  ;  and,  according  to  Kolliker,  are  still 
^■pvered  with  a  layer  of  epidermis  until  after  the  latter  period. 
^Khe  sebaceous  matter*  of  the  cutaneous  glandules  accnmulates 
Hnppa  the  skin  after  the  sixth  month,  and  forms  a  whitish,  semi- 
^Klid^  oleaginous  layer,  termed  the  vemix  cuseostx,  which  is  most 
^ibundant  in  the  flexures  of  the  joints,  between  the  folds  of  the 
xtegument,  behind  the  ears  and  upon  the  scalp. 
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Fig.  24a. 


umbilicus;  but  between  the  fourth  aod  fifth  months  (Groveill 
their  position  is  altered,  and  they  then  beoorae  fixed  in  the 
iliac  region.    During  the  first  si^w  months,  the  internal  surface  t£ 
the  small  intestine  is  smooth.    At  the  seventh  month,  aocordin^  to 
Cruveilhier^  the  valvulai  oonnivente^  begin  to  appear,  after  wbidi 
they  increase  in  size  till   birth.     The  division  of  the  colon  into 
sacculi  by  longitudinal  and  transverse  bands,  is  also  on  appeartoee  J 
which  presents  itself  only  during  the  last  half  of  fo&tal  life*    Pft- 
vious  to  that  time,  the  colon  is  smooth  and  cylindrical  in  figuft, 
like  the  small  intestine. 

After  the  small  intestine  is  once  formed,  it  increases  very  mpiilr 
in  length-    It  grows,  indeed,  at  this  time,  faster  than  the  wallg  rf 

the  abdomen ;  so  that  it  can  no  longer 
be  contained  in  the  abdotninM  <»vilj; 
but  protrudes,  under  thr  "  .f  anb- 

testinal  loop,  or  hernia,  i .  umbifi- 

cal  opening,  (Fig.  243.)    In  the  hamia 
embryo,  this  protrusion  of  the  inttttifte  | 
can  be  readily  seen  during  the  latter  pilt  * 
of  the  second  month.    At  a  subsoqiiem 
period,  however,  the  walls  of  tho  abdo- 
men grow  more  rapidly  than  the 
tine.     They  accordingly  graduadlj 
velop  the  hernial  protrusioD^  atul  ai  lii&l 
inclose  it  again  in  the  cavity  of  tlm  ik-| 
do  men. 

Owing  to  an  imperfect  devalo 
of  the  abdominal  walU,  and  an  imp 
closure  of  the  umbilicus,  this  itit 
protrusion,  which  is  normal  during  the  early  stages  of  fiasial  lift,! 
sometimes  remains  at  births  and  we  then  have  ac/in  /mii'J! 

hernia.     As  the  parts  at  that  time,  however,  have  a  lu^w^ 
to  cicatrize  and  unite  with  each  other,  simple  pressure  is  gsomDr 
efiectual,  in  such  cases,  in  retaining  the  hernia  within  the  abdomflVl 
and  in  producing  at  last  a  complete  cure. 

Urinary  Bladder,  Urethra,  &a — It  will  be  recollected  Uul  veft 
soon  after  the  formation  of  the  intestine^  a  vascular  outgrowtli  tito 
place  from  its  posterior  portion,  which  gradually  protrudes  ftoiBi  1^ 
open  wails  of  the  abdomen  in  front,  until  it  comes  in  ooDtid  wM 
the  external  investing  membrane  of  the  egg,  and  fonns,  by  in  oo- 
tinned  growth  and  expansion,  the  altantois.  (Fig.  842,/)   h  iig 
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first,  as  w©  have  shown  above,  a  hollow  sac ;  but»  as  it  spreads  out 

over  the  surface  of  the  investing  membrane  of  the  egg,  its  two 

opposite  walls  adhere  to  each  other,  so  that  its  cavity  is  obliterated 

at  this  situation,  and  it  is  thus  converted  into  a  single  vascular 

membrane,  the  chori^n^      This  obliteration  of  the   cavitj  of  the 

-allantois  commences  at  its  external  portion,  and  gradually  extends 

inward  toward  the  point  of  its  emergence  from  the  abdomen.     The 

3II0W  tube,  or  duct,  which  connects  the  cavity  of  the  allantois  with 

^posterior  part  of  the  intestine,  is  accordingly  converted,  as  the 

ess  of  obliteration  proceeds,  into  a  solid,  rounded  cord*    This 

>rd  is  termed  the  urachm. 

After  the  walls  of  the  abdomen  have  come  in  contacts  and  united 
^  with  each  other  at  the  umbilicus,  that  portion  of  the  above  duct 
H^'bich  is  left  outside  the  abdominal  cavity,  forms  a  part  of  the  ura- 
Kbilical  cord,  and  remains  connected  with  the  umbilical  arteries  and 
™vein.     That  portion,  on  tlie  contrary,  which  is  included  in  the  ab- 
domen, does  not  close  completely,  but  remains  as  a  pointed  fusiform 
sac,  terminating  near  the  umbilicus  in  the  solid  cord  of  the  nrachus, 
and  still  communicating  at  its  base  with  the  lower  extremity  of  the 
intestinal  canal.    This  fusiform  sac  (Fig.  242,  e),  becomes  the  uri- 
nary  bladthr;  and  in  the  fcetus  at  term,  the  bladder  is  still  conical 

*iu  form,  its  pointed  extremity  being  attached,  by  means  of  the  ura- 
ehus,  to  the  internal  surface  of  the  abdominal  walls  at  the  situation 
of  the  umbilicus.  Afterward,  the  bladder  loses  this  conical  form, 
and  its  fundus  in  the  adult  becomes  rounded  and  bulging. 

^rhe  urinary  bladder,  as  it  appears  from  the  above  description,  at 
first  communicates  freely  with  the  intestinal  cavity.  The  intestine, 
in  &ct|  terminates,  at  this  time,  in  a  wide  passage,  or  cloaca^  at  ita 
lower  extremity,  which  serves  as  a  common  outlet  for  the  urinary 
and  intestinal  passages.  Subsequently,  however,  a  horizontal  par- 
^lition  makes  its  appearance  just  above  the  point  of  junction  between 
the  bladder  and  rectum,  and  grows  downward  and  forward  in  such 
a  manner  as  to  divide  the  above-mentioned  cloaca  into  two  parallel 

»^nd  unequal  passages.     The  anterior  or  smaller  of  these  passages 
"becomes  the  urethra,  the  posterior  or  larger  becomes  the  rectum; 
and  the  lower  edge  of  the  septum  between  them  becomes  finally 
united  with  the  skin,  forming,  at  its  most  superficial  part,  a  tole 
rably  wide  band  of  integument,  the  ptnnntum^  which  inte^vene^ 
'      between  the  anus  and  the  external  portion  of  the  urethra. 
H      The  contents  of  the  intestine,  which  accumulate  during  foetal  life, 
Hyrary  in  dififerent  parts  of  the  alimentary  canal,    lo  the  small  intes- 
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or  furroWf  aa  a  sort  of  cicatrix,  to  mark  the  line  of  unioa  between 
theuL 

Sometimes  the  superior  maxillary  and  the  intermaxillarj  pro- 
oeaaes  fail  to  unite  with  each  other ;  and  we  then  have  the  mal- 
>rmation  known  as  hare-lip.  The 
sure  of  hare-lip,  consequently^  as  a 
general  rule,  is  not  situated  exactly  in 
^■^e  median  line,  but  a  Httle  to  one  side 
^Hf  itf  on  the  external  edge  of  the  inter- 
^^stxillary  process.  Occasionally,  tbc 
f  same  deficiency  existd  on  both  side^s. 
producing  "double  hare-lip ;"  in  which 
I  case^  if  the  fissures  extend  through 
]  the  bony  structures,  the  central  piece 
!  of  the  superior  maxilla,  which  is  de- 
tached from  the  remainder,  contains 
'  the  four  upper  incisor  teeth,  and  cor- 
I  responds  with  the  intermaxillary  bone 
I  of  the  h:>wer  animals.  In  some  rare  instances  the  fissure  of  hare- 
lip  is  situated  in  the  median  line,  the  two  intermaxillary  bones 
^^ev^er  having  united  with  each  other,  A  case  of  this  kind  has 
^^een  observed  by  Prof.  Jeffries  Wpnan," 

L  The  eyes  at  an  early  period  are  situated  laterally,  each  on  one 
ie  of  the  head.  (Fig.  244.)  As  development  proceeds^  they 
i>ine  to  be  situated  farther  forward  (Fig.  245),  their  axes  bein;^: 
ivergent  and  directed  obliquely  forward  and  outward.  At  a 
Iter  period  still  they  are  placed  on  the  anterior  plane  of  the  face 
fig.  246),  and  have  their  axes  nearly  parallel  and  looking  directly 
irward.  This  change  in  the  situatiun  of  the  eyes  is  eft'ected  by 
tlie  more  rapid  growth  of  the  posterior  and  lateral  parts  of  the 
id,  which  enlarge  in  such  a  manner  as  to  alter  the  relative 
sition  of  the  parts  seated  in  iYont  of  them* 
The  palate  is  formed  by  a  septum  between  the  mouth  and  nares, 
^hich  arises  on  each  side  as  a  horizontal  plate  or  offshoot  from  the 
^^apenor  maxilla.  These  two  plates  afterward  unite  with  each 
^^^faer  upon  the  median  line,  forming  a  complete  partition  between 
■  the  oral  and  nasal  cavities.  The  right  and  left  nasal  passages  arc 
also  separated  from  each  other  by  a  vertical  plate  (vomer),  which 
rows  from  above  downward  and  lu^^es  with  the  palatal  plates  be- 

it«lj  for  Mvdicfil  l« 


Fig.  247. 


IE8.    AND 

i  trace  of  a  urinary  apparatus  in  tlie  embryo,  cotisi.^td  of 

uaifortn  bodies,  winch  make  their  appearance  in  the  ab- 

a  very  early  period,  situated  on  each  side  the  spinal 
These  are  known  by  the  name  of  the  Wolffian  bolks. 
fully  formed  in  the  human  subject,  toward  the  end  of  tlie 
h  (Coste),  at  which  time  they  are  the  largest  organs  in  tlie 
be  abdomen,  extending  from  just  below  the  heart,  near]/ 
terior  extremity  of  the  body*     In  the  fcetal  pig^  when  a 

half  an  ineh  in  length  (Kig.  247),  the  WollBan  bodies  are 
md  kidney-shaped,  and  occupy  a 
if  part  of  the  abdominal  cavity, 
ortanee  may  be  estimated  from  the 
heir  weight  at  this  time  is  equal  to 
BT  -^K  of  that  of  the  entire  body — a 
1  which  is  seven  or  eight  times  as 
^at  of  the  kidneys  in  the  adult 
p  There  are,  indeed,  at  this  period 
I  organic  perceptible  in  the  abdo- 
the  liver,  which  has  begun  to  be 

the  upper  part  of  the  abdominal 
le  intestine,  which  is  already  some- 
troluted,  and  occupies  its  central 
nd  the  WoliTian  bodies,  which  pro- 
;h  side  the  spinal  column, 
olffian   bodies,  in   their   intimate 

closely  resemble  the  adult  kidney*  They  consist  of 
mbule^,  lined  with  epithelium,  which  run  from  the  outer 
inner  edge  of  the  organ,  terminating  at  their  free  ex- 
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IW  Wolffian  bodies.  (Fig.  248.)  As  the  kidneys,  however,  subse- 
quently enlarge,  while  the  Wolffian  bodies  diminish,  the  propor* 
Ition  existing  between  the  two  organs  is 
reversed;  And  the  Wolffian  bodies  at  last 
come  to  be  mere  small  rounded  or  ovoid 
masses,  situated  on  the  anterior  surfuce 
of  the  kidneys.  (Figs,  249  and  250.)  The 
kidneys,  during  this  period,  grow  more 
rapidly  in  an  upward  than  in  a  downward 
direction,  so  that  the  Wolffian  bo<lies 
come  to  be  situated  near  their  inferior 
extremity,  and  seem  to  have  performed 

■  a  sliding  movement  from  above   duwii- 

■  ward,  over  their  anterior  surface,  Thia 
"  apparent  sliding  movement,  or  descent 
'  of  the  Wolffian  bodies,  is  owing  to  tlie 
B  rapid  growth  of  the  kidneys  in  an  up- 
'      ward  direction,  as  we  have  already  explained. 

^  The  kidneys,  dnring  the  succeeding  periods  of  fcetal  life,  becomo 
H  in  their  turn  very  largely  developed  in  proportion  to  the  rest  of  the 

organs ;  attaining  a  size,  in  the  foetal  pig,  equal  to  ^',  (in  weight) 
j^  of  the  entire  body.  This  pnjjx^rtion,  liowever,  diminishes  again 
H  very  considerably   before   birth,  owing 

to  the  increased  development  of  other 

parts.     In   the  human   foetus  at  birth, 

I  the  weight  of  the  two  kidneys  tfiken 
together  is  jJa  that  of  the  entire 
l)ody. 
Internal  Organs  of  Gtneraiinn,  — 
'About  the  same  time  that  the  kidneys 
•Are  formed  behind  the  Wolffian  bodies, 
two  oval-shaped  organs  make  their 
appearance  in  front,  on  the  inner  side  of 

■  the  Wolffian  bodies  and  between  them 
*  and  the  spinal  column.  These  bodies  are 

the  internal  organs  of  generation;  viz., 
Wihe  testicles  in  the  male,  and  the  ovaries 
»    in    the   female.      At  first   they  occupy 

K precisely  the  same  situation  and  present  precisely  the  same  appear 
»nce,  whether  the  foetus  is  afterward  to  belong  to  the  male  or  the 
femaie  sex.  (Fig.  249.) 


I 


Fig.  249. 
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A  stort  distance  above  the  internal  organs  of  geneimtion 
commences,  on  each  side,  a  narrow  tube  or  duct,  which  run.^J 
above  downward  along  the  anterior  border  of  the  Wolffian 
immediately  in  front  of  and  parallel  wttk  the  excretorjr  duet  of  ihi^ 
C}rgauu  The  two  tubes,  right  and  left,  then  approach  each  otlits 
below-  and,  joining  upon  the  median  line,  empty^  together  Witi( 
the  ducts  of  the  Wolffian  bodies,  into  the  base  of  the  allantoic  < 
pat  will  afterward  be  the  base  of  the  urinary  bladder.  These  tubes 
erve  as  the  excretory  ducts  of  the  internal  organs  of  generation; 
aid  will  afterward  become  the  vma  ^ie/erentta  in  the  male^  ami  tas 
fallopian  tubes  m  the  female.  According  to  Coste,  tbe  msa  tkk- 
ientia  at  an  early  period  are  disconnected  with  the  t-  '  '  ami 
I4riginate,  like  the  Fallopian  tube^  by  free  exlremitie>,  ^  .^^.Ltmg 
rfach  an  open  orifice.  It  is  only  afterward,  according  to  di^  aae 
author,  that  the  vasa  deferentia  become  adherent  to  the  te^^tielei^ ind 
ii  coinmunication  is  established  between  them  and  the  tubuli  semi* 
niferi.  In  the  female,  the  Fallopian  tubes  remain  permaneslly 
disconnected  with  the  ovaries,  except  by  the  edge  of  the  fitnbrL 
extremity;  which  in  many  of  the  lower  animals  becomes  clo^j 
adherent  to  the  ovary,  and  envelopes  it  more  or  less  completely. 
Male  Otfjam  of  Omemiion  ;  Ik^mi  of  the  Testicles, — ^In  tbe  mi 
fcetus  there  now  commences  a  movement  of  translation,  or  dbtsigf 
of  place,  in  the  internal  organs  of  generation^  which  w  kBOum  u 
the  "  descent  of  the  testicles/^  In  consequence  of  this  tnoraiKfli 
the  above  organs,  which  are  at  first  placed  near  the  middle  of  tbe 
abdomen,  and  directly  in  front  of  the  kidneys,  come  at  last  to  tc 
situated  in  the  scrotum,  altogether  outside  and  below  the  abdomjAtI 
cavity.  They  also  l>ecome  inclosed  in  a  distinct  seroos  sac  of  1 
own,  the  tunica  vaginalis  testis.  This  apparent  move-"*  '■" 
testicles  is  accomplished  in  the  same  manner  as  that  i 
fian  bodies,  above  mentioned,  viz.,  by  a  disproportionate  ^^wtb  of 
the  middle  and  upper  portions  of  the  abdomen  ar  '  ^  '  ^^  orgioi 
situated  above  the  testicles,  so  that  the  relative  ]  :  gf  tlw*f 

organs  becomes  altered.  The  descent  of  the  testicles  is  accompatiieii 
by  certain  other  alterations  in  the  organs  thernselvca  and  linat 
appendages,  which  take  place  in  the  following  manner. 

By  the  upward  enlargement  of  the  kidneys,  both  the  WoUbf 
bodies  and  the  testicles   are   soon  found  to  l)e  situated  near  tibi 
lower  extremity  of  these  organs.  (Fig*  250.)    At  the  same  ttnm* 
slender  rounded  cord  (not  represented  in  the  figure)  paiws  fe* 
the  lower  extremity  of  each  testicle  in  an  outward  aud  dairnwW 
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on,  crossing  the  corresponding  vas  deferens  a  short  distancaH 
its  untoQ  with  its  fellow  of  the  opposite  side.     Below  thia^ 
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Fig.  250. 
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above  its  untoQ  with  its  fellow  of  the  opposite 

point,  the  cord  spoken  of  ot>ntinae3  to  run  obliquely  outward  anc\ 

downward;  and,  passing  through 

the  abdominal  walls  at  the  situa- 

n  of  the  inguinal  canal  is  in- 

rted  into  the  subeutaneous  iis- 
sue  near  the  symphysia  pubis. 
The  lower  part  of  this  cord  be- 
comes the  tjubemaculum  iestU ;  and 
muacular  fibres  are  soon  develofied 
in  its  substance  which  may  be 
easily  detected,  even  in  the  human 
foetus,  during  the  latter  half  of 
gestation.  At  the  period  of  birth, 
however,  or  soon  afterward,  theso 
muscular  fibres  disappear  and  can 
no  longer  be  recognized. 

All  that  portion  of  the  excre- 
tory tube  of  the  testicle  which  is  situated  outside  the  crossing  of  the 
gubernaculum,  is  destined  to  become  afterward  convoluted,  and  ■ 
converted  into  the  epulidymis.     That  portion  which  is  situated  in 
side  the  same  point  remains  comparatively  straight^  but  becomes 
considerably  elongated,  and  is  finally  known  as  the  vaa  deferens. 

As  the  testicles  descend  still  farther  in  the  abdomen,  they  con- 
nue  to  grow,  while  the  Wolffian  htxlies,  on  the  contrary,  diminisl^ 

.pidly  in  size,  until  the  latter  become  much  smaller  than  the  tes- 

les;  and  at  last,  when  the  testicles  have  arrived  at  the  internal 
Iguinal  ring  the  Wolffian  bodies  have  altogether  disappeared],  or  ■ 

least  have  become  so  much  altered  that  their  characters  are  np^ 

ager  recognizable*    In  the  human  fcctua,  the  testicles  arrive  at 
^e  internal  inguinal  ring,  about  the  termination  of  the  si.xth  month 
(Wilson), 

During  the  fiucoeeding  month,  a  protrusion  of  the  peritoneum 
takes  place  through  the  inguinal  canal,  in  ailvance  of  the  testicle; 
while  the  last  named  organ  still  continues  its  descent.  As  it  then 
passes  downward  into  the  scrotum,  certain  muscular  fibres  are  given 
off  from  the  lower  l>order  of  the  internal  oblique  muscle  of  the 
abdomen,  growing  downward  with  the  testicle,  in  such  a  manner  as 
to  form  a  series  of  loops  upon  it,  and  upon  the  elongating  spermatic 
cord.    These  loops  constitute  afterward  the  cremasler  muscle. 


I 
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The  fiepamtion  of  the  tunica  vaginalis  from  the  poritoaeum  is 

uaually  completed  iu  the  human  subject  before  birth.     But  some- 
timea  it  fails  to  take  place  at  the  proper  time,  and  the  intestine  ia  . 
then  apt  to  protrude  into  the  scrotum,  in  front  of  the  spermatic  , 
cord,  giving  rise,  in  this  way*  to  a  cjngetuUU  ingtunal  hernia.  (I' '?• 
252.)     The  parts  irnplicatetl.  however,  in  thii*  malformation,  have 
still,  as  m  the  cai^e  of  congenital  umbili- 
cal hernia,  a  tendency  to  unite  with  each 
other  and  obliterate  the  unnatural  open- 
ing; and  if  the  intestine  be  retained   l>y 
pressure  in  the  cavity  of  the  abdomen, 
cicatrization  usually  takea  place  at  the 
inguinal  canal,  and  a  cure  is  effected. 

The  descent  of  the  testicle,  above  de- 
scribed, is  nut  accomplished  by  the  forci- 
ble traction  of  the  muscular  fibres  of  the 
guberaaoulum,  as  has  been  described  by 
certain  writers,  but  by  a  simple  pra<;es8 
of  growth  takinji^  place  in  different  parts, 
in    different    directions,    at     successive 

periods  of  fcetal  life.  The  gubernaculum,  accordingly,  has  no 
proper  function  as  a  raust*ular  organ,  in  the  human  subject,  but  is 
merely  the  anaU>mical  vestige,  or  analogue,  of  a  corresponding 
muscle  in  certain  of  the  lower  animals,  where  it  has  really  an 
important  function  to  perform.  For  in  them,  as  wo  have  already 
mentioned,  both  the  gubernaculum  and  the  cremaster  remain  fully 
developed  in  the  adult  condition,  and  are  then  employed  to  elevate 
and  depress  the  testicle,  by  the  alternate  contraction  of  their  mua^ 
cular  fibt*es. 

Female  Organs  of  Oeneralmi, — At  an  early  period,  as  we  have 
mentioned  aliove,  the  ovaries  have  the  same  external  appearance, 
and  occupy  the  same  position  in  the  abdomen,  as  the  testicles  in  the 
opposite  sex.  The  descent  of  the  ovaries  also  takes  place,  to  a  ^^reat 
extent,  in  the  same  manner  with  the  descent  of  the  testicles.  Wlien. 
ia  the  early  part  of  ttiis  descent,  they  have  reached  the  level  of  the 
lower  edge  of  the  kidneys,  a  cord,  analogous  to  the  gubernaculum, 
may  be  seen  proceeding  from  their  lowex  extremity,  crossing  the 
efferent  duct  on  each  side,  and  passing  downward,  to  be  attached 
V^  the  subcutaneous  tissues  at  the  situation  of  the  inguinal  ring. 
That  part  of  the  duct  situated  outside  the  crossing  of  this  cord, 
becomes  afterward  convoluted,  and  is  converted  into  the  Falh}}ian 
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Oocafiionally  the  human  "uterus,  even  in  the  adult  condition,  re^ 
xcatns  divided  into  two  lateral  portioua  by  a  vertical  septum,  which 
ruiLi  from  the  middle  of  ita  fuadiis  downward  toward  the  03  in- 
ternum. This  septum  may  even  be  accompanied  by  a  partial 
external  division  of  the  organ,  corresponding  with  it  in  direction 
and  producing  the  malformation  knuwn  as  **  uterus  bicornis.^'  or 
"  double  uterus." 

The  OS  internum  and  os  externum  are  produced  by  partial  oon- 
Etrictions  of  the  original  generative  passage;  and  the  anatomical 
distinctions  between  the  bo<ly  of  the  uterus,  the  cervix  and  the 
vagina,  are  produced  by  the  different  development  of  the  mucous 
membrane  and  muscular  tunic  in  its  corresponding  portions. 
During  foetal  life,  however^  the  neck  of  the  uterus  grows  much 
faster  than  its  body;  so  that,  at  the  period  of  birth,  the  entire 
organ  is  very  far  from  presenting  the  form  which  it  exhibits  in  the 
adult  condition.  In  the  human  foetus  at  term,  the  cervix  uteri 
constitutes  nearly  two-thirds  of  the  entire  length  of  the  organ; 
ivhile  the  body  forms  but  little  over  one-third.  The  oervix,  at 
this  time,  is  also  much  larger  in  diauieter  than  the  body;  so  that 
the  whole  organ  presents  a  tapering  form  from  below  upward. 
The  arbor  vitse  uterina  of  the  cervix  is  at  birth  very  fully  de- 
.^veloped,  and  the  mucous  membrane  of  the  body  is  also  thrown 
ittto  three  or  four  folds  which  radiate  upward  from  the  os  internum. 
The  cavity  of  the  cervix  is  filled  with  a  transparent  semi-solid 
mucus- 

The  position  of  the  uterus  at  birth  is  also  different  from  that 
which  it  assumes  in  adult  life;  nearly  the  entire  leugth  of  the  organ 
being  above  the  level  of  the  symphysis  pubis,  and  its  inferior 
extremity  passing  below  that  point  only  by  about  a  quarter  of  an 
inch.  It  is  also  slightly  anteflexed  at  the  junction  of  the  Wly  and 
cervix.  After  birth,  the  uterus,  together  with  its  appendages^  con- 
tinues to  descend ;  until,  at  the  period  of  puberty,  its  fundus  is 
situated  just  below  the  level  of  the  symphysis  pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They 
contain  at  this  time  an  abundance  of  eggs;  each  inclosed  in  a 
Graafian  follicle,  and  averaging  ^{5  of  an  inch  in  diameter.  The 
vitellus,  however,  is  imj^erfectly  formed  in  most  of  them,  and  in 
some  is  hardly  to  be  distinguished.  The  Graafian  follicle  at  this 
period  envelops  each  eg^  closely,  there  being  no  fluid  between 
its  internal  surface  and  the  exterior  of  the  egg,  but  only  the  ihin 
layer  of  cells  forming  the  "membrana  granulosa."    Inside  this 


There  are  three  distinct  forms  or  phases  of  developnient  assumed 
^  by  the  circulatory  systi^rn  during  different  perio^ls  of  life.     These 
B  different  forms  of  the  circulation  are  intimately  connected  with  the 
H  manner  in  which  nutrition  and  respiration,  or  the  renovation  of  the 
H  blood,  are  accomplished  at  different  epochs ;  and  they  follow  each 
other  in  the  progress  of  development,  as  different  organs  are  em- 
ployed in  turn  to  accomplish  the  above  functions.     The  first  form 
^  is  that  of  the  vitelline  circulatioJi,  which  exists  at  a  perioil  \vhen  the 
B  vitellus,  or  the  umbilical  vesicle,  is  the  sole  source  of  nutrition  for 
the  foetus.      The  second  is  the  placental  circidaiian,  which  lasts 
through  the  greater  part  of  foetal  life,  and  is  characterized  by  the 
existence  of  the  placenta;  and  the  third  is  the  complete  or  aduU 
\circulaiion,  in  which  the  renovation  and  nutrition  of  the  blood  are 
i  provided  for  by  the  lungs  and  the  intestinal  canal. 

First,  or  Vitelltne  Circiilatiofi, — It  has  already  been  shown,  in  a 

[previous  chapter,  that  when  the  body  of  the  embryo  has  begun  to 

[be  formed  in  the  centre  of  the  blastodermic  membrane,  a,number 

[of  bloodvessels  shoot  out   from  its  sides,  and  ramify  over  the 

remainder  of  the  vitelline  sac,  forming,  by  their  inosculation,  an 

I  abundant  vascular  plexus.     The  area  occupied  by  this  plexus  in  the 

blastodermic  membrane  around  the  foetus  is,  as  we  have  seen,  the 

.      '*area  vasculosa,"     In  the  egg  of  the  fowl  (Fig,  253),  the  plexus  is 

Blimitedy  on  its  external  border,  by  a  terminal  vein  or  sinus— the 

™*' sinus  terminalis ;"  and  the  blood  of  the  embryo,  after  circulating 

through  the  capillaries  of  the  plexus,  returns  by  several  venous 

branches,  the  two  largest  of  which  enter  tlie  boily  near  ita  anterior 

and  posterior  extremities.     The  area  vasculosa  is,  accordingly,  a 

•vascular  appendage  to  the  circulatory  apparatus  of  the  embryo, 
spread  out  over  the  surface  of  the  vitellus  for  the  purpose  of  absorb- 
ing from  it  the  nutritious  material  requisite  for  the  growth  of  the 
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aewly-formed  tissues.  In  the  egg  of  the  fish  (Pig,  254),  tb©  priadl 
pal  vein  is  seen  passing  up  in  front  underueatU  tbe  head ;  wliilc!  iWl 
arteries  emerge  all  along  the  lateral  edges  of  the  body.     The  < 

Fig.  253. 


ffitellus,  in  this  way,  becomes  covered  with  an  abundant  v^Bcuki 
network,  connected  with  the  internal  circulaticHi  of  the  foetus 
arteries  and  veins, 

Yery  soon^  aa  the  mBBkeyn  und  the  entire  egg  increase  fn  ft. 
there  are  two  arteries  and  two  veins  which  l>ecomj 
Fig.  254.  larger  tlmn  tlie  others,  and  which  sulj^seq 

•      do  the  whole  work  of  conveying  the  bl 
the  fcetus  to  and  from  the  area  vascule>sa* 
two  arteries  emerge  from   the  lateral  edges 
the  foetus,  on  the  right  and  left  side^;  vr^  -^ 
two  veins  re-enter  at  about  the  same  |- 
nearly  parallel  with  them.  These  four  vt^seb 
then  termed  the  oviphalo-meaenteru:  arttrim 


E<M«  or  Pi»R  (Jur- 
rdlHIiHMli,  tbowiog  viteL- 
liM  c\rcu(jilioii« 
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The  arrangement  of  the  circulatory  ap|mrmta 

in  the  interior  of  the  body  of  the  frrttus,  at  this  timcy  i 
The  heart  is  siluated  at  the  median  line,  just  beneath  t,,^  ,,,,.-  ».  . 
in  front  of  the  cesophagus.     It  receives  at  its  lower  extremity  tie 
trunks  of  the   two  omphalo-mesenteric  veins^  and   At    its   upper 
extremity  divides  into  two  vessels,  which,  arching  over  h?t-'  " -^ 
attain  the  anterior  surface  of  the  vertebral  column,  and  cV 
from  above  downward   along   the   spine,  quite   to  iW  patttnjr 
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•xlremity  of  tbe  fcetus.      These  arteriea  are  called  the  vertebral 

^rUrks,  on  account  of  tlieir  course  and  situation,  running  parallel 

irith  the  vertebral  column.     They  give  ol^  throughout  iheir  course, 

many  small  lateral  branches,  which  supply  the  body  of  the  foetus, 

^aud  also  two  i- ■*">**  ^"-nnches — the  umphalorr-^-^^'^^*"^'-*  nrteries — 

k-hich  pass  o  described,  into  the.  ►^^a.     The 

vo  vertebral  arteries  remain  separate  in  the  upper  part  of  the  body, 

3Ut  Roou  fuse  with  each  other  a  little  below  the  level  of  the  heart; 

that,  below  this  point,  there  remains  afterward  but  one  large 

irtery,  the  abdominal  Aorta,  running  from  above  downward  along 

'the  median  line,  giving  off  the  on i]>hal(> mesenteric  arbiries  to  the 
area  vasculosa,  and  supplying  smaller  branches  to  the  body,  thb 
sralls  of  the  intestine,  ami  the  other  organs  of  the  foetus. 

The  above  description  shows  the  ori«rin  and  formation  of  the  first 
>r  vitelline  circulation*  A  chan.^,  however,  now  begins  to  take 
jlace,  by  which  the  vitellus  is  su{}erseded,  as  an  or^an  of  nutrition, 
by*  the  placenta,  which  takes  its  placje;  and  t1  d  or  placental 

irculation  becomes  established  in  the  follow in^^  matiuer:— 

Secorui  Ctrcuhtfon, — After  the  umbilical  vesicle  has  been  formed 
b^'  the  process  already  described,  a  part  of  the  vitellua  remains  in- 

'eluded  in  it,  while  the  rest  is  retained  in  the  abdomen  and  inclosed 

.in  the  intestinal  canal.    As  these 
two  organs  (umbilical  vesicle  and  ^'^'  *'^' 

"intestine)  are  originally  parts  of 
'      the  same  vitelline  sac,  they  remain 

I  supplied   by  the  same  vascular 
bj*stem,  viz :  the  omphalo-niesen- 
leric  vessels.  Those  which  remain 
Brithiu  the  abdomen  of  the  fcetns 
tipply  the  mesentery  and  intes- 
tine ;  hut  the  larger  trunks  pass 
tutward,  and  ramify  upon    the 
rails  of  the  umbilical  vedcle, 
Fig.  256.)     At   first,  there  are, 
3  wo   have    mentioned    above, 
w^o  omphalo-mesenteric  arteries 
tsmerging  from  the  body,  and  two 
^^omphalo-mesenteric  veins  ret  or  n- 

^King  to  it ;  but  soon  afterward,  the  two  arteries  Rt^  replaced  by  a 
^■common  trunk,  while  a  similar  change  takej  place  In  the  two  veins, 
^^^'i^^^^'^^i  therefore,  there  remains  but  a  single  artery  and  a 
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^  At  last^  the  testiolea  descend  fairly  to  the  bottom  of  the  serohim, 
the  gubernaculum  constantly  shortening,  and  the  yaa  defei^fiir 
elongating  as  it  proceeds*  The  convoloted  pt^rtmn  of  the  eflefteol  ^ 
duct,  viz.,  the  epididymis,  then  remains  closely  attached  to  the  body^|l 
of  the  testicle;  while  the  vas  deferens  passes  upward,  io  a  l^veiso 
direction,  enters  the  abdoracn  through  the  inguiniil  canal^  ^g^b 
bends  downward,  and  joins  its  fellow  of  the  oppoait©  side;  aiW 
'whicb  into  the  prostatic  portion  of  the  arellini  by 

dillinci   uniiw»,  .sitiuited  on  each  side  the  median  line*     At  tha 
same  time,  two  diverticula  arise  from  the  median  portion  of  th^ 
va|?a  defercntia,  and,  elongating  in  a  backward  direction,  underneath  i 
the  base  of  the  bhwlder^  become  developed   into  two  oompoiiDd  i 
sacculated  reservoirB- — the  vcuculm  s^minaltA^ 

The  left  tej^ticlo  is  a  little  later  in  its  descent  than  the  right,  but 
it  afterward  paases  farther  into  the  scrotum,  and,  in  the  adulr  M 

tion,  usually  hangs  a  little  lower  than  its  fellow  of  the  opjxtei;,.  .^  ...    ^ 

After  the  tet?ticle  hai  fairly  passed  into  the  scrotum,  the  mwoB 
pouch,  which  preceded  its  descent,  remains  for  a  time  in  <!>&mmyiii^lB| 
cation  with  the  peritoneal  cavity.     In  many  of  the  lower  animftiiv  ^ 
ais,  for  example,  the  rabbit,  this  condition  is  permanent ;  and  tha 
testicle,  even  in  the  adult  animal,  may  be  alternately  drawn  d<ywii* 

ward  into  the  scrotum,  or  retracted  iovi  ^mL 
^g*  251,  the  abdomen,  by  the  action  of  the  gtiber-  ^ 

naeulum  and  the  creraaster  mnscleL    B«t 
in   the   human  feet  us,  the   two  opposite  ' 
surfaces  of  the  peritoneal  pouch,  coveriof  ^ 
the  testicle,  approach  each  other  at  tlie 
inguinal  canal,  forming  at  that  jiotnt 
constriction  or  neck,  which  partly  ^itta^ 
off  the   testicle  from   the  cavilj*  of  tk 
abdomen.    By  a  continuation  of  this  pr»»i 
cess,  the  serous  £turfaoes  oooie  aetvaUy 
in  contact  with  each  other,  and,  adbimag 
together  at  this  situation  (Pig.  2al»  %\i 
form  a  kind  of  cicatrix,  or  umbiUcuii,  by 
the  complete  closure  and  consolidaSioQ  ^ 
which  the  cavity  of  the  ttinioa  Tagii^itJs  * 
(a)  is  finally  shut  off  altogether  from  the  general  cavity  of  ibe 
peritoneum  (j).     The  tunica  vaginalis  testis  is,  therefona^  ongia 
a  part  of  the  peritoneum,  from  which  it  is  subsequently  aepui 
by  the  process  just  described. 


Porm&ttdii    of     Tc!fiOA     Ta- 
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The  separation  of  the  tunica  vagi  nails  from  the  peritoneum  ia 
usually  complete  in  the  human  subject  before  birth.  But  some- 
times  it  faiU  to  take  place  at  the  proper  time,  and  the  intestine  ia 
then  apt  to  protrude  into  the  sqrotuni,  in  front  of  the  spermatic 
cord,  giving  rise,  in  this  way,  to  Vk  con*jemtal  mgumal  lierma.  (J?ig.^^B 
^2.)     The  parbi  i  in  plicated,  however,  in  this  malformation,  have'^' 

ill,  as  in  the  cai*e  of  congenital  umbili- 
cal hernia,  a  tendency  to  unite  with  each 
other  and  obliterate  the  unnatural  open- 
ing; and  if  the  intestine  be  retained  by 
pressure  in  the  cavity  of  the  abdomen, 
cicatrization  usually  takes  place  at  the 
inguinal  oanal,  and  a  cure  is  eftected. 

The  descent  of  the  teatioH  above  de- 
scribed, is  not  accomplishal  by  the  forci- 
ble traction  of  the  muscular  fibres  of  the 
gubernaoulum,  fis  has  been  described  by 
certain  writers,  but  by  a  simple  process 
of  growth  taking  place  in  different  parta^ 
in    different    directions,    at    sue^jCiiSLve 

periods  of  foetal  life.  The  gubernaoulum,  accordingly,  has  m, 
proper  function  as  a  musi^ular  organ,  in  the  human  subject,  but  is 
merely  the  anatomical  vestige,  or  analogue,  of  a  corresponding 
muscle  in  certain  of  the  lower  animals,  where  it  has  really  an 
important  function  to  perform.  For  in  them,  as  we  liave  already 
mentioned,  both  the  gubernaculuni  and  the  cremaster  remain  fully 
developed  in  the  adult  condition,  and  are  then  employed  to  elevates 
and  depress  the  testicle,  by  the  alternate  contraction  of  their  mus- 
cular fibres, 

Fetnale  Ortjans  qf  ffetierfi/ion,— At  an  early  period,  as  we  have 
mentioued  above,  the  ovaries  have  the  same  external  appearance^ 
and  occupy  the  same  ptosit ion  in  the  abdomen,  as  the  testicles  in  the 
opposite  sex.  The  descent  of  the  ovaries  also  takes  phicc,  to  a  great 
extent,  in  the  same  manner  with  the  descent  of  the  testicles.  When, 
in  the  early  part  of  this  descent,  they  have  reached  the  level  of  the 
lower  edge  of  the  kidneys,  a  cord,  analogous  to  the  gubernaculumi  ^, 
may  be  seen  proceeding  from  their  lower  extremity,  crossing  the 
efferent  duct  on  each  side,  and  passing  downward,  to  be  attached 
to  the  subcutaneous  tissues  at  the  situation  of  the  inguinal  ring.  - 
That  part  of  the  duct  situated  outside  the  crossing  of  this  cord, 
becomes  afterward  convoluted^  and  is  converted  into  the  JFalloj^ian 
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Occasionally  the  human  uterus,  even  in  tlitj  adult  condition,  re^ 
niaius  divided  into  two  lateral  portions  by  a  vertical  septum,  wticU 
runji  from  the  middle  of  its  fundus  downward  toward  tbe  os  in- 

Itcrnum.  This  septum  may  even  be  accompanied  by  a  partial 
hcternal  divLBioa  of  the  organ,  corroi^ponding  with  it  in  direction 
kd  producing  the  malformation  known  as  **  uterus  bicornis."  or 
■double  uterus/' 

The  OS  internum  and  or  externum  are  produced  by  partial  oon- 
strictions  of  the  original  generative  passage;  and  the  anatomical 
distinctions  between  the  body  of  the  uterus,  the  cervix  and  the 
vagina,  are  produced  by  the  difierent  development  of  the  mucous 
membrane  and  muscular  tunic  in  its  corresponding  portioni*. 
Daring  fcetal  life,  however,  the  neck  of  the  uterus  grows  much 
faster  Uian  its  body;  so  that,  at  the  period  of  birth,  the  entire 
organ  is  very  far  from  presenting  the  form  which  it  exhibits  in  the 
adult  condition.  In  the  human  foetus  at  term,  the  cervix  uteri 
constitutes  nearlj^  two-thirds  of  the  entire  length  of  the  organ; 
while  the  body  forms  but  little  over  one-third.  The  cervix,  at 
this  time,  is  also  much  larger  in  diameter  than  the  body;  so  that 
the  whole  organ  presents  a  tapering  form  from  below  upward. 
The  arbor  vitfiB  uterina  of  the  cervix  is  at  birtli  very  fully  de- 
veloped, and  the  mucous  membrane  of  the  body  is  also  thrown 
into  three  or  four  folds  which  radiate  upward  from  theos  internum. 
The  cavity  of  the  cervix  is  filled  with  a  transparent  semi-solid 
mucua* 

^^  The  position  of  the  uterus  at  birth  is  also  different  from  that 
^B^^^^^  ^^  assumes  in  adult  life ;  nearly  the  entire  length  of  the  organ 
"being  above  the  level  of  the  symphysis  pubis,  and  its  inferior 
extremity  passing  below  that  point  only  by  about  a  quarter  of  an 
inch.  It  is  also  slightly  anteflexed  at  the  junction  of  the  body  and 
cervix.  After  birth,  the  uterus,  together  with  its  appendages,  con- 
tinues to  descend ;  until,  at  the  perioti  of  pubertyj  its  fundus  is 
situated  just  below  the  level  of  the  symphysis  pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They 
contjiin  at  this  time  an  abundance  of  eggs;  each  inclosed  in  a 
Graaiian  follicle,  and  averaging  ^jj^  of  an  inch  in  diameter.  The 
vitellus,  however,  is  imf:>erfectjy  formed  in  most  of  them,  and  in 
some  is  hardly  to  be  distinguished.  The  Graafian  follicle  at  this 
period  envelops  each  egg  closely,  there  being  no  fluid  between 
its  internal  surface  and  the  exterior  of  the  egg,  but  only  the  thin 
layer  of  cell^  forming  the  "membrana  granulosa,''    Inside  this 
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lish  a  oommunicatiou  with  the  intestioal  tube.  The  fornmtioo  of 
the  anterior  perforation,  and  its  appendages,  takes  place  in  the  W- 
lowing  manner:— 

After  the  earlj  development  of  the  intestinal  tube  in  llic  xaodie 
above  described,  the  head  increasea  in  Bize  out  of  all  proporliait  u> 
Mthe  remainder  of  the  foBtos,  projecting  as  a  large  rounded  maas  frcmi 
Ihe  anterior  extremity  of  the  body^  and  containing  the  brain  mud  1 
organs  of  special  sense.  This  portion  sooo  bends  over  towmnl  i 
abdomen,  in  consequencje  of  the  increasing  curvature  of  ibc  who 

ly  which  takes  place  at  this  time.  In  the  interior  of  tUr' 
ephalic  mass  there  is  now  formed  a  large  cavity  (Fig.  242^  <A  hf 
the  melting  down  and  liquefaction  of  a  portion  of  its  substance 
This  cavity  is  the  pharynx.  It  corresponds  by  its  aDterior  exim* 
mity  to  the  future  situation  of  the  mouth ;  and  by  its  pommx 
portion  to  the  upper  end  of  the  intestinal  canal^  tba  ftiture  dtnatioo 
of  the  stomach.  It  is  stilly  however,  closed  on  all  sides^  and  Aom 
not  as  yet  communicate  either  with  the  exterior  or  with  the  Gifilf 
of  the  stomach.  There  is,  accordingly,  at  this  tiine>  no  tbanx 
whatever ;  but  the  stomach  lies  at  the  upper  e^ttremity  of  the  %\Ay 
men,  immediately  beneath  the  lower  extremity  of  the  pharytu;  boa. 
which  it  is  separated  by  a  wall  of  intervening  tissue. 

Subsequently,  a  perforati(m  takes  plac4J  between  the  adjacent 
extremities  of  the  pharynx  and  stomach,  by  a  short  nairow  mht, 
the  situation  of  which  is  marked  by  the  dotted  lines  x,  in  Fig.  S4l 
This  tube  afterward  lengthens  by  the  rapid  growth  of  that  portioo 
of  the  body  in  which  it  is  contained,  and  becomed  the  asmplmfuL 
Neither  the  pharynx  nor  oesophagus,  therefore,  are,  properly  «{iak« 
ing,  parts  of  the  inteatinal  canal,  formed  from  the  internal  layer  d 
the  blastodermic  membrane ;  but  are,  on  the  contrary,  fonoaliooi 
of  the  external  layer,  from  which  the  entire  cephalic  masas  i»  pio- 
duced.  The  lining  membrane  of  the  pharynx  and  cesophagns  ii  to 
be  regarded!,  also,  for  the  same  reason,  as  rather  a  conttnuatioo  of 
the  integument  than  of  the  intestinal  mucous  membrane;  aad  wvm 
tn  the  adult,  the  thick,  whitish^  and  opaque  pavement  epttlieiiBm 
of  the  oesophagus  may  be  seen  to  terminate  abruptly,  by  a ' 
defined  line  of  demarkation,  at  the  canliac  orifice  of  the  stofnach; 
beyond  which,  throughout  the  remainder  of  the  aliraentarr  aift4 
the  epithelium  is  of  the  columnar  variety,  and  easily  dJMiogtiiitf^ 
able  by  its  soft,  ruddy,  and  transparent  appearance. 

As  the  oesophagus  lengthens^  the  lungs  are  developed  oo  mA 
side  of  it  by  a  protrusion  from  the  pharynx  which  extfodsnaJ 


►mes  repeatedly  subdividedi  forming  the  bronchial  tubes  and 
their  ramilicutioiis.     At  first,  the  lungs  project  into  the  upper 
part  of  the  abdominal  cavity;  for  there  is  still  no  distinction  be- 
tween the  chest  aild  abdomen.    Afterward,  a  horizontal  partition 
begins  to  form  on  each  side,  at  the  level  of  the  hiise  of  the  lung^j 
which  gradually  closes  together  at  a  central  point,  so  as  to  forn 
the   diaphragm,  and   finally  shuts   ofif  altogether    the   cavity 
the  chest  from  that  of  the  abdomen.     Before  the  closure  of  the 
diaphragm^  thus  formed,  k  complete,  a  circular  opening  exists  oa 
each  side  the  metlian  Hue,  by  which  the  peritoneal  and   pleura 
cavities  communicate  with  each  other.    In  some  instances  the  de* 
velopment  of  the  diaphragm  is  arrested  at  this  point,  either  on  onoH 
side  or  the  other,  and  the  opening  accordingly  remains  permanent^™ 
The  abdominal  organs  then  partially  protrude  into  the  cavity  of 
the  chest  on  that   side,  forming    congenital  tUaphragfrmtic  herniOmM 
The  lung  on  the  affected  side  also  usually  remains  in  a  stat^  of  ■ 
imperfect  development.     Diaphragmatic  hernia  of  this  character  is 
more  frequently  found  upon  the  left  side  than  upon  the  right.    It 
may  sometimes  continue  until  adult  life  without  causing  any  seri- 
ous inconvenience. 

The  heart  is  formed,  at  a  very  early  period,  directly  in  front  of 
the  situation  of  the  cesophagus.  Its  size  soon  becomes  very  largo  M 
in  proportion  to  the  rest  of  the  body ;  so  that  it  protrudes  beyond  ■ 
the  level  of  the  thoracic  parietes,  covered  only  by  the  pericardium. 
Subsequently,  the  walls  of  the  thorax,  becoming  more  rapidly 
developed,  grow  over  it  and  inclose  it.  In  certain  instances,  how- 
ever, they  fail  to  do  so,  and  the  heart  then  remains  partially  or 
completely  uncovered,  in  front  of  the  chest,  presenting  the  condition 
known  as  ectopia  conlts.    This  malformation  is  necessarily  lataL 

Development  of  the  Face, — WhUe  the  lower  extremity  of  the 
pharynx  communicates  with  the  cavity  of  the  stomach,  as  above 
described,  ita  upper  extremity  also  becomes  perforated  in  a  similar 
manner,  and  establishes  a  communication  with  the  exterior.  This 
perforation  is  at  first  wide  and  gaping.  It  afterward  becomes 
divided  into  the  mouth  and  nasal  passages ;  and  the  different  parts 
of  the  face  are  formed  round  it  in  the  following  manner: — 

From  the  sides  of  the  cephalic  mass  five  buds  or  processes  shoot 
out,  and  grow  toward  each  other,  so  as  to  approach  the  centre  of 
the  oral  orifice  above  mentioned*  (Fig.  244.)  One  of  them  grows 
directly  downward  from  the  frontal  region  and  is  called  the 
frontal  or  intermaxillary  process  because  it  afterward  contains  in 
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ttremitj  of  the  fcetus.  Tlicse  arteries  are  calle<l  the  vertthral 
Krkrfcs,  OQ  account  of  their  course  and  situation,  mnniiiif  parallel 
with  the  vertebral  eolurnn.  They  givo  oft'  throughout  their  course, 
many  small  lateral  liranches,  which  supply  the  body  of  the  fcetu.«, 
|nd  also  t^^  -  t-..-'^^^-  T.i^..t,..i,,>^ — the  ornphv^-^  ^vf^'-'Mr^f.-ric  arteries — 

irhich  p^i  «TibeJ.  into  i  lulosa.     The 

ro  vertebral  arteries  remain  separate  in  the  upper  part  of  the  body, 

^ut  Foon  fuse  M*ith  each  other  a  little  below  the  level  of  the  heart; 

that,  below  this  point>  there  remains  afterward  but  one  large 

artery,  the  abdominal  aorta,  running  from  above  downward  along 

ae  median  line,  giving  oil*  the  omj)halo-me5enteric  arteries  to  the 

rea  vascalosa,  and  supplying  smaller  branches  to  the  body,  thu 

rails  of  the  intestine,  and  the  other  organs  of  the  foetus* 

The  above  description  shows  the  origin  and  formation  of  the  firai. 

r  vitelline  circulation.     A  change,  however,  now  begins  to  take 

klace,  by  which  the  vitellus  is  superseded,  as  an  orsran  of  nutrition, 

IV  the  placenta,  which  takes  its  place;  and  tL  I  or  jylacental 

irculation  becomes  established  in  the  follow luvj  jnuuutir: — 

Secmul  Circulatiotu — After  the  umbilical  vesicle  has  been  formed 

the  process  already  described,  a  part  of  the  vitellus  remains  in* 

^uded  in  it,  while  the  rest  is  retained  in  the  abdomen  and  ioclosed 

the  intestinal  canaL    As  these 

ro  organs  (umbilical  vesicle  and  ^^^'  '^^^ 

Itestine)  are  originally  parts  of 

ae  same  vitell i ne  sac,  they  remain 

applied  by  the  same  vascular 

fstem,  viz ;  the  omphalo-niesen- 

ric  vessels.  Those  which  remain 

rithiu  the  abdomen  of  the  fa^tus 

8upply  the  mesentery  and  intes- 

le :  but  the  larger  trunks  pass 

itward,  and  ramify  upon    the 

alls  of  the   umbilical  vesicle, 

f1g.  255.)     At   first,  there  are, 

we  have    mentioned    above, 

ro  omphalo-mesenteric  arteries 

merging  from  the  body,  and  two 

iphalo-mesenteric  veins  return- 

ig  to  it ;   but  soon  afterward,  the  two  arteries  kH  replaced  by  a 

amnion  trunk,  while  a  similar  change  takes  place  in  the  two  veins. 

lubsecjuently,  therefore,  there  remains  but  a  single  artery  and  a 
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eirigle  vt^in,  connecting  the  internal  and  external  porii  :hr 

vitelline  circulation. 

The  vessels  belonging  to  this  system  are  therefore  called  the 
omphalomesenteric  vessels,  tKiciim*e  a  part  of  them  (omph^dio  TCi- 
gels)  pass  outward,  by  tbe  umbilicus,  ur  "omphaloa."  %Q  the  nmbjli* 
cal  vesicle,  while  the  remainder  (mesenteria  veeseb)  ramify  upon 
the  mesentery  and  the  intestine. 

At  firsts  the  circulation  of  the  nmbilical  vesicle  is  more  tJDpart- 
ant  than  that  of  the  intestine;  and  the  omphalic  artery  and  ran 
appear  accordingly  as  large  trunks,  of  which  the  me«c*nlcric  tci- 
sels  are  simply  small  brandies.  (Fig.  255.)  Afterward,  hovevtrf 
the  intestine  rapidly  enhirges,  while  the  nmbilicai  vesicle  dmt 
nishes,  and  the  prop>rtions  existing  between  the  two  8ela  of  tcsm^ 
are  therefore  reversed.  (Fig.  2o(i.)     The  ntiesenteric  reaads  tba 

Pig.  256. 


Uinirrmirt  of  E»«xrn  Airt>  it«  V«P«»»t.ii*  nl^iiwloir  fht  mnn4  fff^BUtlAm^  TUi  mifii 
flB«opba|Ea«,  nod  koioitlkuil  ennM,  h  •«*  iMte^imv  rnrth^r  deri»Io|t«^,  iM  l^«  lif  iiiifiiflt  trta^  tH" 
«ukr^M.  wUlli^rltn  timbflfcAl  vii*(ctfla,tid  h"  vnknilNr  bnnelii"*  tFf>  f#f7  mitcb  rv4o««4  |a  ttiB  Hit 
-Iftrife  uuibUlcml  fti  torlr«  ant  MMti  p9,*i\^0  oot  |o  (h»  pUcenl*. 

come  to  be  the  principal  trunks,  while  the  omphalie  Te««U  ait 
simply  minute  branches,  running  out  along  the  sJemler  cord  uf  llr 
umbilical  vesicle,  and  ramifying  in  a  few  scamj  iwign  upon  iii 

surface. 


DEVELOPMENT   OF   THE    AKTERIAL    SYSTEM. 

In  the  mean  time,  ihe  allaatois  is  formed  by  a  protrusioa  from 
the  lower  extremity  of  the  intestine,  which,  carrying  with  it  two 
Birteries  and  two  veins,  passes  out  by  the  anterior  opening  of  the 

ly,  and  comes  in  contact  with  the  external  membrane  of  the 
Bgg,  The  arteries  of  the  allantois,  which  are  termed  the  timhitic^l 
irlerieSf  are  supplied  by  brancheii  of  the  abdominal  aorta;  the  um- 
bilical veins,  on  the  other  hand,  join  the  me^nteric  veins,  and 
empty  with  them  into  the  venous  extremity  of  the  heart.  As  the 
umbilical  vesicle  diminishes,  the  allautuis  enlarges ;  and  the  latter 

I  soon   becomes  converted,  in  tlie   human   subject,  into  a  vascular 
chorion,  a  part  of  which  is  devoted  to  the  formation  of  the  placenta. 
(Fig.  256.)    As  the  placenta  soon  becomes  the  only  source  of  nutri- 
lion  for  the  foetus,  its  vessels  are  at  the   same  time  yery  much 
increased  in  size,  and  preponderate  over  all  the  other  parts  of  the 
circulatory  system.     During  the  early  periods  of  the  formation  of 
^the  placenta,  there  are,  as  we  have  stated   above,  two  umbilical 
■arteries  and  two  umbilical  veins.    But  subsequently  one  of  the 
Hveius  disappears,  and  the  whole  of  the  blood  is  returned  to  the  body 
™  of  the  fcetus  by  the  other,  which  becomes  enlarged  in  proportion. 
^For  a  long  time  previous  to  birth,  therefore,  there  are  in  the  umbili- 
Boal  cord  two  umbilical  arteries,  and  but  a  single  umbilical  vein. 
H    Such  is  the  second,  or  placental  circulation.     It  is  exchanged,  at 
Bthe  period  of  birth,  for  the  third  or  nfluli  circulation,  in  which  the 
blood  which  had  previously  circulated   through  the  placenta,  is 
diverted   to  the  lungj^  and   the  intestine.     These  are  the  oigans 
upon  which  the  whole  system  afterward  depends  for  the  nourish- 
ment and  renovation  of  the  blood, 

P[  During  the  occurrence  of  the  above  changes,  oertain  otlier  altera- 
tions take  place  in  the  arterial  and  venous  systems,  which  will  now 
require  to  be  described  by  themselves* 

JDevehpment  of  the  Arterial  S^/sLem, — At  an  early  period  of  deve- 
lopment, as  we  have  shown  above,  the  principal  arteries  pass  off 
from  the  anterior  extremity  of  the  heart  in  two  arches,  which  curve 
ckward  on  each  side,  from  the  front  of  the  body  toward  the 
T-ertebral  column,  after  which  they  again  become  longitudinal  in 
direction,  and  receive  the  name  of  *' vertebral  arteries."    Very  soon 
these  arches  divide  successively  into  two,  three,  four,  and   five 
ondary  arches,  placed  one  above  the  other,  along  the  sides  of 
he  neck,  (Fig.  257.)     These  are  termed  the  cervical  arches.     In  the 
fish,  these  cervical  arches  remain  permanent,  an<l  give  off  from  their 
convex  borders  the  branchial  arteries,  in  the  form  of  vascular  tufl^ 
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to  tlie  gills  on  each  side  of  the  neck;  but  in  the  human  sul^ectt  aod 
the  quadrupeds,  the  branchial  tufts  are  iievcr  develop  -^  -•  ?  ihti 
cervical  arches,  as  well  as  the  trunks  with  which  ti  ,v»* 

nected,  beecmie  modified  by  the  progress  oi  development  id  iIdo 
lullowiag  raauner  :~ 


Fig.  2^7. 


(@\ 


Fij.  238, 


■howlntf  tUe  he&rLllj,  wltti  Un  two  AAcend- 
Ing  iirt^^rUl  truaka,  ^iT)D|i^  off  od  each  Kide 
flte  corvkRl  iLrct«««.  wbloh  (ermlimte  lo  tb« 
vertebinl  Antertes  <2,  3).  Tti«  verlebrftl  arte' 
riei  anUe  bolow  tli«  beiLrt    to    Tor  en    ttit 


Adttlt  eouAlltvB  4»r  Att T  irm t  A  t,  iri^ 

T  B  M ,— 1 , 1    r^  - '  •  ^      1  *  V<rit¥nlt. 
),  s   Right  II  ;«tiaa«     4  i 

Bight  Sbd  l«ii  iii^rr. -«t4U      S^ 

Li«ft  *4)rtU'*rtti^  wlikU  r 
aeiit    «.  Ktiftil  R4Hlc  «r> 


•r  The  two  ascendiog  arterial  trunks  on  the  anterior  patt  of  tic 
neck,  from  which  the  cervical  arches  are  given  off»  becomie  ooe* 
verted  into  the  carotids.  (Fig.  258,  i,  i.)  The  fifth,  or  upjNinnart 
cervical  arch,  remains  at  the  base  of  the  brain  as  the  inoseulatioc^ 
through  the  circle  of  Willis,  between  the  internal  carotids  and  the 
basilar  artery,  which  is  produced  by  the  union  of  tha  two  rene- 
brals.  The  next,  or  fourth  cervical  arch,  may  be  recogtiiiscd  to  an 
inosculation  which  is  said  to  be  very  constant  between  the  sapcri'^r 
thyroid  arteries,  branches  of  the  carotids^  and  the  infer"  *  %!.> 
which  come  from  the  subclavians  at  nearly  the  sanir  ^  nir» 

which  the  vertebrals  are  given  off  The  next*  or  third  cervical  Airk 
remains  on  each  side,  as  the  subclavian  artery  (§,,  $).    This  v«Mi 
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though  at  first  a  mere  branch  of  communication  between  the  caro* 
tid  and  the  vertebral,  has  now  increased  in  size  to  such  an  extent 
that  it  has  become  the  principal  trunk,  from  which  the  vertebral 
itself  is  given  oflf  as  a  small  branch.  Immediately  below  this  point 
of  intersection,  also,  the  vertebral  artery  diminishes  very  much  in 
relative  size,  loses  its  connection  with  the  abdominal  aorta,  and 
supplies  only  the  first  two  intercostal  spaces,  under  the  name  of  the 
superior  intercostal  artery  (4,  4),  The  second  cervical  arch  becomes 
altered  in  a  very  diiferent  manner  on  the  two  opposite  sides.  On 
the  left  side,  it  becomes  enormously  enlarged,  so  as  to  give  off,  as 
secondary  branched,  all  the  other  arterial  trunks  which  have  been 
described,  and  is  converted  in  this  manner  into  the  arch  of  the 
aorkt  (ft).  On  the  right  side,  however^  the  corresponding  arch  (e) 
becomes  smaller  and  smaller,  and  at  last  altogether  disappears ;  so 
that  finally,  we  have  only  a  single  aortic  arch,  projecting  to  the 
left  of  the  median  line,  and  continuous  with  the  thoracic  and  abdo- 
minal aorta. 

The  first  cervical  arch  remains  during  foetal  life  upon  the  left 
side,  as  the  "ductus  arteriosus/*  presently  to  be  described.  In  the 
adult  condition,  however,  it  has  disappeared  equally  upon  the  right 
and  left  sides.  In  this  way  the  permanent  condition  of  the  arterial 
circulation  is  gradually  established  in  the  upper  part  of  the  body. 

Corresponding  changes  take  place,  however,»during  the  same 
time,  in  the  lower  part  of  the  body*  Here  the  abdominal  aorta 
runs  undivided,  upon  the  median  line,  quite  to  the  end  of  the 
spinal  column;  giving  off  on  each  side  successive  lateral  branches, 
w^hich  supply  the  intestine  and  the  parietes  of  the  body.  Wlien 
the  allantois  begins  to  be  developed,  two  of  these  lateral,  branches 
accompany  it,  and  become,  consequently,  the  umbilical  arteries. 
These  two  vessels  increase  so  rapidly  in  size,  that  they  soon  appear 
as  divisions  of  the  aortic  trunk;  while  the  original  continuation  of 
this  trunk,  running  to  the  end  of  the  spinal  column,  appears  only 
as  a  small  branch  given  oft*  at  the  f)oint  of  bifurcation.  When  the 
lower  limbs  begin  to  be  developed,  they  are  supplied  by  two  small 
bt^nches,  given  off  from  the  umbilical  arteries  near  their  origin. 
•'  LTp  to  this  time  the  pelvis  and  posterior  extremities  are  but 
Mi^htly  developed.  Subsequently,  however,  they  grow  more 
rapidly,  in  proportion  to  the  rest  of  the  body,  and  the  arteries 
which  supply  them  increase  in  a  corresponding  manner.  That 
portion  of  the  umbilical  arteries,  lying  between  the  bifurcation  of 
the  aorta  and  the  origin  of  the  branches  going  to  the  lower  ex* 
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constitating  another  vein  of  new  formation 
(Fig.  260,  a),  which  runs  upward  a  little  to  the 
right  of  the  mediaD  line,  and  empties  by  its^elf 
into  the  lower  extremity  of  the  heart.  The 
two  hranches,  by  meanis  of  which  the  veins  of 
the  lower  extremities  thus  unite,  become  after* 
ward,  by  enlargement,  the  common  iliac  veins; 
while  the  single  trunk  (a)  resulting  from  their 
union  becomes  the  vena  mva  inferior,  Subse- 
qneutly,  the  vena  cava  inferior  becomes  very 
much  larger  than  the  vertebral  veins ;  and  its 
two  branches  of  bifurcation  are  afterward  re- 
presented by  the  two  iliacs. 

Above  the  level  of  the  heart,  the  vertebral 
and  intercostal  veins  retain  their  relative  size 
until  the  development  of  the  superior  extremi- 
ties has  commenced.  Then  two  of  the  inter- 
costal veins  increase  in  diameter  (Fig,  260),  and 
become  converted  into  the  right  and  left  sub- 
olavians;  while  those  portions  of  the  vertebral 
veins  situated  above  the  subcla%ians  become  the 
right  and  left  jugulars.  Just  below  the  junction 
of  the  jugulars  with  the  subclavians,  a  small 
branch  of  communication  now  appears  between 
the  two  vertebrals(Fig,  260,  h),  passing  over  from 
left  to  right,  and  emptying  into  the  right  verte- 
bral vein  a  little  above  the  level  of  the  heai-t ;  so 
that  a  part  of  the  blood  coming  from  the  left  side 
of  the  head,  and  the  left  upper  extremity,  still 
passes  down  the  left  vertebral  vein  to  the  heart 
tipon  its  own  side,  while  a  part  crosses  over  by 
the  communicating  branch  (h\  and  is  finally 
conveyed  to  the  heart  by  the  right  descending 
vertebral.  Soon  afterward,  this  branch  of  com- 
munication enlarges  so  rapidly  that  it  prepon- 
derates altogether  over  the  left  superior  verte- 
bral vein,  from  which  it  originated  (Fig.  261), 
and,  serving  then  to  convey  all  the  blood  coming 
from  the  left  side  of  the  head  and  left  upper 
extremity  over  to  the  right  side  alx»ve  the  heart, 
it  becomes  the  left  vtim  innominata. 


Fig.  260. 
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Fig,  2e2. 


Oa  the  left  side,  that  portion  of  the  supenor  vertabrol  vein,  which 
is  below  the  dubclayian,  remaios  as  a  small  branch  of  the  V€ii«  m- 
norainata,  receiving  the  six  or  seven  upper  intercostal  veins:  while 
on  the  right  side  it  becomes  exoeesively  enlarged^  receiving  the 
blood  of  both  jugulars  and  both  subelaviansi  and  m  ooavened  iula 
the  vena  cava  superior. 

Til 6  left  canal  of  Cuvier,  by  which  the  left  voriebral  vein  at  fim 
communicates  with  the  heart,  gubaequently  bacoraea  atrophied  ^ 
disappears;  while  on  the  right  side  it  becornt^  excessively  enlarged, 
and  forms  the  lower  extremity  of  the  vena  cava  superior. 

The  superior  and  inferior  veme  cavae,  accordingly,  do  not  cor* 
respond  with  each  other  so  far  as  regards  their 
mode  of  origin,  and  are  not  to  be  regarded  i 
analogous  veins.  For  the  superior  veua  c*i; 
is  one  of  the  original  vertebral  veins;  whih 
the  inferior  vena  cava  is  a  totally  distioc 
of  new  formation,  resulting  from  the  us 
tbe  two  lateral  trunks  coming  from  the  iDfe- 
rior  extremities* 

The  remainder  of  the  vertebral  veins  finally 
assume  the  condition  shown  in  Fig*  2<J2,  m 
is  the  complete  or  adult  form  of  tbe  Hn 
circulation.  At  the  lower  part  of  tbe  al 
the  vertebral  veins  send  inward  small 
verse  branches,  which  communicate  with 
vena  cava  interior,  between  the  points  al  i 
they  receive  the  intercostal  veitia.  Tbes 
branches  of  communication,  by  increasing  in 
size,  become  the  Iwnbar  veiiw  (?)%  which,  iatho 
adult  condition,  communicate  with  each  otW 
by  arched  branches,  a  short  distance  to  tbe  siin 
of  the  vena  cava.  Above  t'  \  el  of  the 
lumbar  arches,  tbe  vertebral  %  tain  tboir 

original  direction.  That  upon  the  riglfinde 
still  receives  all  tbe  right  intercostal  velo^ and 
becomes  the  vena  azyg^  mcMJor  (•).  Il  ilai 
receives  a  small  branch  of  oommunicaiion  from 
its  fellow  of  the  left  side  (Fig.  261,cX  and  this  branch  aoon  enliirgtt 
to  such  an  extent  as  to  bring  over  to  the  vena  aaygos  r-  -  "•  -U  fbc 
blood  of  the  five  or  six  lower  intercostal  veins  of  :  lii!^ 

becoming,  in  this  way,  the  vena  azygo&  mirm  (*)*    The  six  or  aawa 


X 


A4iilt  coodlUoo  of  Vn. 
5 out  SraTRM,— '1.  RtgUt 
aurklfl  or  hoftrl.  2.  V«ri4 
CATft  superior.    3,  3>  Jai;iiUr 

A    V«AA  e&vk  iDr>ftrior.     6,0. 
fltftOT«lt)».  7.  Liitn  bur  veins. 

0       VeOA    ^tj$0*    fUt^itT,      I*. 

Ven*  Rzj^oR  niiaar.     10,  Sti* 
p«rlor  iatcTMBtM  v«lfe< 


upper  intercostal  veins  on  ihe  left  side  still  emptjr,  as  before,  into 
their  own  vertebral  vein  (lo),  which,  joining  the  left  vena  innonii- 
nata  above,  is  known  as  the  superior  mtercostal  vein.  The  left  canal 
of  Gnvier  has  by  this  time  entirely  disappeared;  so  that  all  the  ■ 
venous  blood  now  enters  the  heart  by  the  superior  or  the  inferior 
vena  cava.  But  the  original  vertebral  veins  are  still  continuous 
throughout,  though  very  much  diminished  in  size  at  certain  points; 
since  both  the  greater  and  lesaor  axygous  veins  inosculate  below  | 
with  the  superior  lumbar  veins,  and  the  superior  intercostal  vein 
also  inosculates  below  with  the  lesser  azygous,  just  before  it  paaaa$J 
over  to  the  right  side. 

There  are  still  two  parts  of  the  circulatory  apparatus,  the  de^ 
lopTnent  of  which  presents  peculiarities  sufficiently  important  tol 
be  described  separately.     These  lire,  first,  the  liver. and  the  ductus 
yenosua,  and  secondly,  the  heart,  with  the  ductus  afteriosua. 

Development  of  the  Hepatic  Circulation  and  UteJ^mus  Venosus, — 
The  liver  appears  at  a  very  early  period  in  the  upper  part  of  the 
abdomen,  as  a  mass  of  glandular  and  vascular  tissuci  whiob  is  deve- 
loped around  the  upper  portion  of  the 
'tjtnphalo-mesenteric  vein,  just  below  its 
termination  in  the  heart.  (Fig.  263.)  As 
«oon  as  the  organ  has  attained  a  con- 
aiderable  size,  the  oniphalo-n>esenterio 
vein  (i)  breaks  tip  in  its  interior  into  a 
capillary  plexus,  the  vessels  of  which 
unite  again  into  venous  trunks,  and  so 
convey  the  blood  finally  to  the  heart. 
The  omphalo-mesenteric  vein  below  the 
liver  then  becomes  the  portal  vein  ;  while 
above  the  liver,  and  between  that  organ 
and  the  heart,  it  receives  the  name  of 
the  hepatit  vein  (3).     The  liver,  accord* 

^ngly,  is  at  this  time  supplied  with  blood  entirely  by  the  portal  vein, 
coming  from  the  umbilical  vesicle  and  the  intestine;  and  all  the 
blood  derived  from  this  source  must  pass  through  the  hepatic  cir- 
culation before  reaching  the  venous  extremity  of  the  heart. 

But  soon  afterward  the  allantois  makes  its  appearance,  and  be- 
comes rapidly  developed  into  the  placenta;  and  the  umbilical  vein 
coming  from  it  joins  the  omphalo-mesenteric  vein  in  the  substance 
-^  the  liver,  and  takes  part  in  the  formation  of  the  hepatic  capillary 
plexus.    As  the  umbilical  vesicle,  however^  becomes  atrophied,  and 
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'ulances,  81                                                   ^i 

^^^^H               on  pupil  and  eyelids,  610 

Hypoglossal  nerve.  461                              ^B 

^^^^^P               reflex  actions  of,  611 

^H 

^^^^^         Gnbernaoulum  testis,  647 

Imbibition,  291                                            H 

^^H                        function  of,  in  lower  aniinalB,  648 

of  liquids,  by  different  tissues,  290     ■ 

^H                Gustatory  nerve,  440,  468 

by  cornea,  experiments  on,  297          ^B 

Impulse,  of  heart,  259,  26ii                         ^B 

^H               Hammoni>,  Wm.  A.,  M.  D.,  on  offectii  of 

Infant,   newlv-bom,    churnctvriMlics   of.  ^H 

^H                      non-nitrogenous  diet,  92 

675                                                                 ■ 
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as  follows :  A  certain  quantity  of  veiious  blood  still  enters  through 
the  portal  vein  (i),  and  circulates  in  a  part  of  the  capillary  system 
of  the  right  lobe.  The  uoabUical  vein  (2),  bringing  a  much  larger 
quantity  of  blood,  enters  the  liver  also^  a  little  to  the  left,  and  the 
blood  which  it  contains  divides  into  three  principal  streams.  One 
of  them  passes  through  the  left  branch  («)  into  the  capillaries  of  thie 
left  lobe;  another  turns  off  through  the  right  branch  {a),  and,  joia- 
ing  the  blood  of  the  portal  vein,  circulates  through  the  eapilhirjes 
of  the  right  lobe ;  while  the  third  passes  directly  onward  through 
the  venous  duct  {&),  and  reaches  tlic  hepatic  vein  without  having 
paused  through  any  part  of  the  capillary  plexus. 

This  condition  of  the  hepatic  circulation  continues  until  birth. 
At  that  time,  two  important  changes  take  place.  First,  the  pla- 
oental  circulation  is  altogether  cut  oft';  and  secondly,  a  much  larger 
quantity  of  blood  than  before  begins 
to  circulate  through  the  lungs  and 
the  intestine.  The  superabundance 
of  blood,  previously  coming  from  the 
placenta,  is  now  diverted  into  the 
lungs;  while  the  intestinal  canal,  en- 
tering upon  the  active  performance  of 
its  functions,  becomes  the  sole  source 
of  supply  for  the  hepatic  venous 
blood.  The  fallowing  changes,  there- 
fore, take  place  at  birth  in  the  ves- 
sels of  the  liver.  (Fig.  266.)  t'irst, 
the  umbilical  vein  shrivels  and  bo- 
comes  converted  into  a  solid  rounded 
cord  (5).  This  cord  may  be  seen,^n 
the  adult  condition,  running  from  the 
internal  surface  of  the  abdominal 
walls,  at  the  umbilicus,  to  the  longi* 
tudinal  fissure  of  the  liver.  It  is  then 
known  under  the  name  of  the  nmnd 
^amtnL  Secondly,  the  ductus  venosus  also  becomes  obliterated, 
id  converted  into  a  fibrous  cord.  Thirdly,  the  blood  entering  the 
liver  by  the  portal  vein  (i),  passes  off  by  its  right  branch,  as  before, 
to  the  right  lobe.  But  in  the  branch  (4),  the  course  of  the  blood  is 
reversed.  This  was  formerly  the  right  branch  of  the  umbilical 
vein,  its  blood  passing  in  a  direction  from  left  to  right.  It  now 
becomes  the  left  branch  of  the  portal  vein;  and  its  blood  passes 
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^^m                                                   ^^^^^^^^^B 

^^^^^           MAGNHi},  on  proportiotiB  of  oxygen  *nd 

MoTements,  of  chest,  in  respiratioa^lH 

^V                     carboDic  acid  in  blood,  229 

of  glottis,  224                                   ^M 

^H                  MiUe  organs  of  generation^  547 

associated,  3'^2                            j^^H 

^H                          development  of,  64<5 

of  toCus,  619                               ^^H 

^H                   Malpighittn  bodies  of  spleen,  193 

Muooaine,  86                                       ^^H 

^H                 Mftiumalians,  circulation  in,  251 

Mucous  follicles,  311                                   ■ 

^^L^^           Mammary  gland,  structure  of,  317 

Mucous  membrane,  of  atotnach,  117  ^^H 

^^^H                  secretion  of,  318 

of  intestine,  137                           ^^M 

^^^H          Harckt,  on  excrctine,  145 

of  tongue,  467                             ^^^| 

^^^^H          BIarkt,  M,,  experiments  on  arterial  pul- 

of  uterus,  542,  602                      ^^U 

^^^H                saiiotif  1269 

Mucus,  311                                                   ■ 

^^^^K          Mastication,  105 

composition  and  properii^  of,  312  H 

^^^^B                 unilateral,    in   ruminating  animals, 

of  mouth,  109                                       ■ 

^^m             in 

of  cervix  uteri,  543                             ^ 

^^^H^                 retarded  by  suppressing  saliTa,  115 

Mascles,  irritability  of,  372 

^^^H           Meconium,  636 

directly  paralyicd  by  »ulpho-cyani<lt 

^^H          Medulla  oblongata,  868,  428 

of  potassium,  374 

^^^H                  ganglia  of,  369,  370 

consentaneous  action  of,  414 

^^^^V                  reflex  action  of,  4:i4 

of  respiration,  220 

^^^H   '               effect  of  destroying,  42G 

Muscular  fibres,  of  spleen^  lt»2 

^^^^H                    deYelopment  of,  62d 

of  heart,  spiral  and  circular,  261 

^^^H           Meibomian  glands^  813 

Muscular  irritability,  872 

^^^H            Melanine,  87 

duration  after  death,  37S 

^^^H           Membrane,  blastodermic^  576 

ezhaiiated    by  repeated    irriua^a, 

^^^^H            Mem  bran  a  granulosa,  555 

874 

^^^H           Membriina  tympani,  action  of,  491 

Musouline,  8§                                             j 

^^^^H           Memory,    connection   of,    with    cerebral 

■ 

^^^H              hemispheres,  409 

Nails,  formation  of,  in  embryo,  631          1 

^^^^H           MenobranchuB,  sise  of  blood^globules  in. 

NKURiaa,  on  rupture  of  Graafian  foUlctil 

^^H 

in, menstruation,  560                               M 

^^H                  giUs  of,  217 

Nerve^cells,  856                                          M 

^^^H                  spermatoxoa  of,  545 

Nerves,  division  of,  365                     ^_^M 

^^^^H           Menstruation,  558 

inosculation  of,  856                    .^^^t 

^^^^H                  commenoement  and  duration  of,  559 

irritability  of,  374                      f^^M 

^^^^H                   phenomena  of,  55^^ 

spinal,  386                                     ^^M 

^^^H                 rupture  of  QraKfiun  follicles  in,  560 

cranial,  430                                         ^M 

^^^^H                 But^pended   during   pregnancy,   5511, 

olfactory,  430                                 ^^H 

^^^1 

optic,  481                                       ^^M 

^^^H          Mesenteric  glands,  152,  301 

auditory,  431                                ^^H 

^^^^H           Mtchul,  Dr.  Myddlettin,  rupture  of  Graaf- 

oculo-molorius,  484                    ^^^| 

^^^^H                ian  follicle  in  mutmlruation,  560 

pathoiious,  435                             ^^^^ 

^^H 

motor  externus,  435                      ^^B 

^^^H                  composition  and  properties  of,   06, 

mapticator,  437                                    ^M 

^^m 

facial,  440                                     ^^M 

^^^H                   mieroscopic  characters,  319 

hypogloasal,  461                         ^^H 

^^^^H           Milk,  souring  and  coagulation  of,  320^ 

spinal  accessory,  459                  ^^^H 

^^^H                  variations  iu^  during  Uctation,  321 

trifacial  (5th  pair),  435                    ■ 

^^H           Milk-mgar,  68 

glosso-pharyngeal,  444                     H 

^^^^H                   converted  into  lactic  acid,  320 

Nerves,  pntniuiogastric,  445                      ^H 

^^^H           MiTciiKLL,  8.  Weir,  M.D.,  on  production 

superior  and  inferior  laryogealf  44fl 

^^^^B               of  vibriones  in  the  veuom  of  the  rattle* 

great  synipaihelic,  500                     ^M 

^^H               snake,  520 

Nervous  filnnienta,  852                               ^M 

^^^^H           MoHusca,  nervous  system  of,  359 

of  brain,  353                                 ^^M 

^^^H          MooBE   AND    Pknnock,   experiments   on 

of  sciatic  nerve,  354                  ^^^B 

^^^^H               movements  of  heart,  259 

division  of|  355                            ^^^^ 

^^H           Motion,  384 

motor  and  sensitive.  850                  ^M 

^^^H           Motor  cranial  nerres,  433 

Nervous  force,  how  excited,  87a             H 

^^^^H           Motor  nerrous  fibres,  387 

rapidity  of,  379                                   ^M 

^^^H           Motor  oculi  communis,  434 

nature  of,  380                                      ■ 

^^^H                  externus,  435 

Nervous  tissue,  two  kinds  of,  352           ^M 

^^^H          MoTcmenlB,  of  stomach,  129 

Nervous  irntubility.  374                           ^M 

^^^H                  of  intestine,  148 

how  shown,  375                                  ^M 

^^H                of  heart, 

duration  of,  aaer  death,  876           H 

DKTKLOPMByr  OP  THE    IIHAltT. 


067 


Fii?.  2T0. 


^£. 


Tery  soon  a  superficial  line  of  demarcatiarv  or  ftirroTsr,  shows 

itdelf  upon  the  external  suHaoe  of  ihe  heart,  corresjwnding  in  situa- 
tion with  the  internal  septum;  while  at  the  root  of  the  arterial 
trunk  this  furrow  becomes  much  deeper,  and  finally  the  two  lateral 
portions  of  the  vessel  are  separated  frpm  each  other  altogether,  in 

^r^^  immediate  neighborhood  of  the  heart, 

^Koining  again,  however,  a  short  distance  be- 

^ftond  the  origin  of  the  pulmonary  branches. 

^^Fig.  270.)     It  then   becomes  evident  that 

I     the  left  lateral  division  of  the  arterial  trunk 

|Hb  the  commencement  of  the  aorta  (i) ;  while 

1  its  right  lateral  division  is  the  trunk  of  the 
pulmonary  artery  {a),  giving  off  the  right 
and  left  pulmonary  branches  (a,s),  at  a  short 
distance  from  its  origin*     That  portion  of 

I     the  pulmonary  trunk  (4)  which  is  beyond 

the  origin  of  the  pulmonary  branches^  and 

which  communicates  freely  with  the  aorta,  is  the  Ductus  arieriosus. 

The  ductus  arteriosus  is  at  first  as  large  as  the  pulmonary  trunk 

'     itself;  and  nearly  the  whole  of  the  blood,  coming  from  the  right 

i     ventricle,  passes  directly  onward   through  the  arterial  duct^  and 

I     enters  the  aorta  without  going  to  the  lungs.     But  as  the  lungs 

i     gradually  become  developed,  they  require  a  larger  quantity  of 

^pUood  for  their  nutrition,  and  the  pulmonary  branches  increase  in 

~  proportion  to  the  pulmonary  trunk  and  the  ductus  arteriosus.    At 
the  termination  of  fcetal   life,  in  the 
human  subject,  the  ductus  arteriosus 
13  about  as  large  as  either  one  of  the 
pulmonary  branches;  and  a  very  con- 

i^gjderable  portion  of  the  blood,  there- 

H^re,  earning  from  the  right  ventricle 
etill  passes  onward  to  the  aorta  with- 
out being  distributed  to  the  lungs. 
But  at  the  period  of  birth,  the  lungs 

Henter  upon  the  active  performance  of 

^■be  function  of  respiration,  and  imme- 

^pUately  require  a  much  larger  supply 

'of    blood.     The  right   and   left  pui 

^^nonary  branches  then  enlarge,  so  as 

Wto  become  the  two  princij>al  divisions 

of  the  pulmonary  trunk,  (Fig.  271.)     The  ductus  arteriosus  at  the 
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ftrt«r!<Kiiii  iMconing  obUrentcd, 


690 


INDEX. 


Paralysis  of  larynx,  449,  461 

of  muscular  coat  of  stomach,  458 
Paraplegia,  reflex  action  of  spinal  cord 

in,  305 
Parasites,  620 

conditions  of  dcTclopment  of,  621 
mode  of  introduction  into  body,  522 
sexless,  reproduction  of,  523 
Parotid  saliva,  110 
Parturition,  621 

Par  vagum,  446.     See  Pneumogastric. 
Patheticus  nerve,  436 
Pelouze,  composition  of  glycogenic  mat- 
ter, 188 
Pelvis,  development  of,  630 
Pexxock   and   Moore,    experiments   on 

movements  of  heart,  251) 
Pepsine,  85 

in  gastric  juice,  124 
Perception  of  sensations,  after  removal 
of  hemispheres,  406 
destroyed,    after  removal   of  tuber 
annulare,  422 
Periodical  ovulation,  651 
Peristaltic  motion,  of  stomach,  129 
of  intestine,  148 
of  oviduct,  536,  538 
Perkins,  Maurice,  composition  of  parotid 

saliva,  1 1 0 
Perspiration,  314 

daily  quantity  of,  315 
compositi»)n  and  properties  of.  815 
function,  in  regulating  temperature, 
315 
Pettenkofer's  test  for  bile,  169 
Peyer's  glands,  140 
Pharynx,  action  of,  in  swallowing,  445, 

tbriiiation  of,  01^8 
Phosphate  of  lime,  its  proportion  in  the 
animal  tissues  and  fluids,  58 
in  the  urine,  337 
precipitated  by  alkalies,  338 
Pliosphate,   triple,    in  putrefying  urine, 

346 
Phosphates,  alkaline,  61 
in  urine,  337 
eartliy,  58,  61 

in  urine,  337 
of  magnesia,  soda,  and  potassa,  61 
Phosphorus,  not  a  proximate  principle,  47 
rhysiolugy,  definition  of,  33 
Phrenology,  411 

ohjoofions  to,  412 
practical  difliculties  of,  413 
Pigeon,  after  removal  of  cerebrum,  405 

of  cerebellum,  415 
Placenta,  609 

comparative  anatomy  of,  610 
formation  of,  in  human  species,  611 
foetal  tufts  of,  613 
maternal  sinuses  of,  614 
injection   of,    from  uterine   vessels, 
615 


Placenta,  function  of,  616 

separation  of,  in  delivery,  621 
Placental  circulation,  612,  614 
Plants,  vital  heat  of,  240 

generative  apparatus  of,  628 
Plasma  of  the  blood,  207 
Pneumic  acid,  231 
Pneumogastric  nerve,  445 
its  distribution,  446 
action  of,  on  pluirynx  and  oesopha- 
gus, 447 
on  larynx,  448 
in  formation  of  voice,  449 
in  respiration.  450 
effect  of  its  division  on  respiratory 

movements,  451 
cause  of  death  after  division  of,  454 
influence    of,    on    wsophagus    and 
stomach,  457 
Pneumogastric  ganglion.  423 
PoGGiALE,  on  glycogenic  matter  in  but- 

cher*8  meat,  189 
Pons  Varolii,  871 
Portal  blood,  quantity  of  fibrin  in,  208 

temperature  of,  246 
Portal  vein,  in  liver,  322 
development  of,  663 
Posterior  columns  of  spinal  cord,  865 
Primitive  trace,  678 
Production,  of  sugar  in  liver,  184 
of  carbonic  acid,  230 
of  animal  heat,  237 
of  urea  in  blood,  827 
of  infusorial  animalcules,  518 
of  animal  and  vegetable  parasites, 
521 
Proximate  principles,  45 
definition  of,  47 
mode  of  extraction,  48 
manner  of  their  association,  49 
varying  proportions  of,  50 
three  distinct  classes  of,  51 
Proximate  principles  of  the   first   class 
(inorganic),  53 
of  the  second   class    (crystallizahle 
substances  of  organic  origin),  68 
of    the    third    class    (organic    sub- 
stances], 79 
Ptyalinc,  108 
Puberty,  period  of,  558 

signs  of,  in  female,  558 
Pulsation,  of  heart,  253 
in  living  animal,  258 
of  arteries,  267 
Pupil,  action  of,  351,  419 

contraction  of,  after  division  of  sym- 
pathetic, 510 
Pupillary  membrane,  628 
Putrefaction,  83 

of  the  urine,  346 
Pyramids,    anterior,  of  medulla   oblon- 
gata, 368 
decussation  of,  369 
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Quantity,  daily,  of  water  exhaled,  56 

of  food,  97 

of  saliva.  111 

of  gastric  juice,  181 

of  pancreatic  juice,  140 

of  bile,  172 

of  air  used  in  respiration,  222 

of  oxygen  used  in  respiration,  226 

of  carbonic  acid  exhaled,  234 

of  lymph  and  chyle,  804 

of  fluids  secreted  and  reabsorbed, 
307 

of  material  absorbed  and  discharg- 
ed, 847 

of  perspiration,  816 

of  urine,  333,  834 

of  urea,  828 

of  urate  of  soda,  882 
Quantity,  entire,  of  blood  in  body,  215 

Rabbit,  brain  of,  867 

Races  of  men,  diflferent  capacity  of,  for 

civilization,  408 
Radiata,  nervous  system  of,  857 
Rapidity  of  circulation,  286 

of  the  nervous  force,  379 
Re&ctions,  of  starch,  66 

of  sugar,  68 

of  fat,  70 

of  saliva,  108,  109 

of  gastric  juice,  128 

of  intestinal  juice,  188 

of  pancreatic  juice,  140 

of  bile,  159 

of  mucus,  812 

of  milk,  818 

of  urine,  887 
Reasoning  powers,  409 

in  animals,  429 
Red  globules  of  blood,  197 
Reflex  action,  358 

in  centipede,  861 

of  spinal  cord,  392 

of  medulla  oblongata,  424 

of  tuber  annulare,  427 

of  brain,  428 

of  optic  tubercles,  419 

in  newly  born  infant,  676 
Regeneration,  of  uterine  mucous  mem- 
brane after  pregnancy,  622 

of  walls  of  uterus,  624 
Reqnault  and  Reiset,  on  absorption  of 

oxygen,  227 
Reid,  Dr.  John,  experiment  on  crossing 
of  streams  in  foetal  heart,  670 

on  glosso-pharyngeal  nerve,  444 
Reproduction,  513 

nature  and  object  of,  515 

of  infusoria,  518 

of  parasites,  521 

of  taenia,  524 

by  germs,  528 
Reptiles,  circulation  of,  250 


Respiration,  216 

by  gills,  217 

by  lungs,  218 

by  skin,  236 

changes  in  air  during,  225 

changes  in  blood,  227 

of  newly  born  infant,  675 
Respiratory  movements  of  chest,  220 

of  glottis,  224 

after  section  of  pncumogastrics,  452 

after  injury  of  spinal  cord,  425 
Restiform  bodies,  369 
Rhythm  of  heart's  movements,  263 
Rotation  of  heart  during  contraction,  262 
Round  ligament  of  the  uterus,  formation 
of,  650 

of  liver,  665 
Rumination,  movements  of,  101,  111 
Rupture  of  Graafian  follicle,  556 

in  menstruation,  560,  565 
Rutting  condition,  in  lower  animals,  557 

Saccharine  substances,  67 

in  stomach  and  intestine,  135 

in  liver,  184 

in  blood,  191 

in  urine,  841 
Saliva,  107 

different  kinds  of,  109 

daily  quantity  of,  111 

action  an  boiled  starch,  113 

variable,  113 

does  not  take  place  in  stomach,  114 

physical  function  of  saliva,  115 

quantity  absorbed  by  different  kinds 
of  food,  116 
Salivary  glands,  109 
Salts,  biliary,  161 

of  the  blood,  209 

of  urine,  337 
Saponification,  of  fats,  71 
ScuABLiNQ,  on  diurnal  variations  in  ex- 
halation of  carbonic  acid,  236 
Schmidt,  Prof.  C,  on  human  gastric  fis- 
tula, 124 

on  quantity  of  gastric  juice,  132 
Scolopen<lra,  nervous  system  of,  360 
Sebaceous  matter,  312 

composition  and  properties  of,  318 

function  of,  318 

in  foetus,  631 
Secretion,  308 

varying  activity  of,  810 

of  saliva,  109 

of  gastric  juice,  121 

of  intestinal  juice,  137 

of  pancreatic  juice,  140 

of  bile,  172,  321 

of  sugar  in  liver,  184 

of  mucus,  811 

of  sebaceous  matter,  812 

of  perspiration,  314 

of  the  tears,  316 
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Secretion  of  bile  in  foetus,  687 
Segmentation  of  the  vitellua,  676 
Seminal  fluid,  644 

mixed  constitution  of,  648 
Sensation,  382 

remains  after  destruction  of  hemi- 
spheres, 406 

lost  after  removal  of  tuber  annulare, 
422 

special  conveyed  by  pneumogastrib 
nerve,  424 
Sensation  and  motion,  distinct  seat  of,  in 
nervous  system,  884 

in  spinal  cord,  387 
Sensibility  of  nerves  to  electric  current, 
376 

and  excitability,  definition  of,   382, 
384 

seat  of,  in  spinal  cord,  387 

in  brain,  401 

of  facial  nerve,  443 

of  hypoglossal  nerve,  462 

of  spinal  accessory,  469 

of  great  sympathetic,  603 
Sensibility,  general  and  special,  463 

special,  of  olfactory  nerves,  430 

of  optic  nerves,  431 

of  auditory  nerves,  431 

of  lingual  branch  of  6th  pair,  469 

of  glosso-pharyngeal,  444 

of  pneumogastric,  462 
Sensitive  nervous  filaments,  369 
Sensitive  fibres, crossing  of,  in  spinal  cord, 
389 

of  facial  nerve,  source  of,  443 
Sensitive  cranial  nerves,  485 
Septa,  inter-auricular  and  inter-ventri- 
cular, formation  of,  006 
Serum,  of  the  blood,  211 
Sexes,  distinctive  characters  of,  680 
Sexless  entozoa,  622 
Sexual  generation,  628 
Shock,  effect  of,   in  destroying  nervous 

irritability,  377 
SiKBOLD,  on  production  of  tcenia  from 

cysticerous,  526 
Sight,  477 

apparatus  of,  478.     See  Vision. 
Sinus  tcrminalis,  of  area  vasculosa,  663 
Sinu.ses,  placental,  612,  614, 
Skeleton,  <ievelopinent  of,  629 
Skin,  respiration  by,  286 

sebaceous  glands  of,  313 

perspiratory  glands  of,  314 

development  of,  681 
Smell,  473 

ganglia  of,  806,  474 

nerves  of,  480,  474 

injured  by  division  of  6th  pair,  489 
Smith,  Dr.  Southwood,  on  cutaneous  and 

pulmonary  exhalation,  815 
Solar  plexus  of  sympathetic  nerve,  602 
Solid  bodies,  vision  of,  with  two  eyes,  488 


Sounds,  of  heart,  254 
how  produced,  265 

vocal,  how  produced,  449 

destroyed  by  section  of  inferior  la- 
ryngeal nerves,  460 
of  spinal  accessory,  4(30 
Sounds,  acute  and  grave,  transmitted  by 

membrani  tympani,  494 
Special  senses,  466 
Species,  mode  of  continuation,  515 
Spermatic  fluid,  544 

mixed  constitution  of,  548 
Spermatozoa,  544 

movements  of,  646 

formation  of,  6-17 
Spina  bifida,  629 
Spinal  accessory,  469 

sensibility  of,  469 

communication  of,  with  pneumogas- 
tric, 460 

influence  of,  on  larynx,  4rtO 
Spinal  column,  formation  of,  579,  029 
Spinal  cord,  363.  382 

commissures  of,  365 

anterior,  lateral,  and  posterior  col- 
umns, 366 

origin  of  nerves  from,  364 

sensibility  and  excitability  of,  387 

crossed  action  of,  388 

reflex  action  of,  392 

protective  action  of,  898 

influence  on  sphincters,  398 

effect  of  ii^iury  to,  898 

on  respiration,  426 

formation  of,  in  embryo,  579.  629 
Spinal  nerves,  origin  of,  364 
Spleen,  192 

Malpighian  bodies  of,  193 

extirpation  of,  195 
Spontaneous  generation,  516 
Starch,  63 

proportion  of,  in  diff'erent  kinds  of 
food,  64 

varieties  of,  64-66 

reactions  of,  66 

action  of  saliva  on,  113 

digestion  of,  135 
Starfish,  nervous  system  of,  857 
Stercorine,  146 
Stereoscope,  488 

St.  Martin,  case  of  gastric  fistula  in,  120 
Strabismus,  after  division  of  motor  oculi 
communis,  435 

of  motor  externus,  435 
Striated  bodies,  403 
Sublingual  gland,  secretion  of,  109 
Submaxillary  ganglion,  600 

gland,  secretion  of,  109 

circulation  in,  influenced  by  nerves, 
608 
Sudoriparous  glands,  314 
Sugar,  67 

varieties  of,  67 
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and  yellow  for  the  inferior.  The  two  syringes  were  managed,  at 
the  same  time,  by  the  right  and  left  hands;  their  nozzles  being 
firmly  held  in  place  by  the  fingers  of  an  assistant.  When  the 
points  of  the  syringes  were  introduced  into  the  veins,  at  equal  dis- 
tances from  the  hearty  and  the  two  injections  made  with  equal  force 

ad  rapidity^  it  was  found  that  the  admixture  of  the  colors  which 

ok  place  was  so  slight,  that  at  least  nineteen-twentieths  of  the 
How  injection  had  pa^ed  into  the  left  auricle,  and  nineteen- twen- 

Bths  of  the  blue  into  the  right     The  pulmonary  artery  and  ductus 
arteriosus  contained  a  similar  proportion  of  blue,  and  the  arch  of 

be  aorta  of  yellow.    In  the  thoracic  and*  abdominal  aort%  however 
"bontrary  to  what  was  found  by  Dr.  Reid,  there  was  always  an  ad- 
mixture of  the  two  colors^  generally  in  about  equal  proportions. 

lis  discrepancy  may  bo  owing  to  the  smaller  size  of  the  head  and 
iipper  extremities,  in  the  pig,  as  compared  with  those  of  the  liuman 

ibjectj  which  would  prevent  their  receiving  all  the  blood  coming 
from  the  left  ventricle;  or  to  some  differences  in  the  manipulation 
of  these  experiments,  in  which  it  is  not  always  easy  to  imitate  ex- 
actly the  force  and  rapidity  of  the  different  currents  of  blood  in 
the  living  foetus.  The  above  resultSt  however^  are  such  as  to  leave 
no  doubt  of  the  principal  fact,  viz.,  that  up  ta  an  advanced  stage  of 
foetal  life,  by  far  the  greater  portion  of  the  blood  coming  from  the 
inferior  vena  cava  passes  through  the  foramen  ovale,  into  the  left 
side  of  the  heart;  while  by  far  the  greater  portion  of  that  coming 
from  the  head  and  upper  extremities  passes  into  the  right  side  of 
the  heart,  and  thence  outward  by  the  pulmonary  trunk  and  duclug 
Jrteriosus.  Toward  the  latter  periods  of  gestation,  this  division 
the  venous  currents  becomes  less  complete,  owing  to  the  three 

allowing  causes  t — 

First^  the  lungs  increasing  in  size,  the  two  pulmonary  arteries,  as 
well  as  the  pulmonary  veins,  enlarge  in  proportion;  and  a  greater 
quantity  of  the  blood,  therefore,  comiog  from  the  right  ventricle, 
instead  of  going  onward  through  the  ductus  arteriosus,  passes  to 

be  lungs,  and  returning  thence  by  the  pulmonary  veins  to  the  left 

iricle  and  ventricle,  joins  the  stream  passing  out  by  the  arch  of 

tie  aorta. 

Secondly,  the  Eustachian  valve  diminishes  in  size.    This  valvQ, 

^bich  is  very  large  and  distinct  at  the  end  of  the  sixth  month 

(Fig.  272),  subsequently  becomes  atrophied  to  such  an  extent  that, 

at  the  end  of  gestation,  it  has  altogether  disappeared,  or  is  at  lea*^i 

reduced  to  the  condition  of  a  v^y  narrow,  T  rceptible 
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Urea,   decomposed    in   putrefaction    of 

urine,  344 
Uric  acid,  881,  838 
Urine,  833 

general  character  and  properties  of, 
333 

quantity  and  specific  gravity,  884 

diurnal  variations  of,  835 

composition  of,  386 

reactions,  837 

interference  with  Trommer's  test,  889 

accidental  ingredients  of,  889 

acid  fermentation  of,  343 

alkaline  fermentation  of,  344 

final  decomposition  of,  346 
Urinary  bladder,  paralysis  and  inflam- 
mation of,  after  injury  to  spinal 
cord,  399 

formation  of,  in  embryo,  686 
Urosacine,  87 
Uterus,  of  lower  animals,  541 

of  human  female,  542 

mucous  membrane  of,  602 

changes  in,  after  impregnation,  608, 
604 

involution  of,  after  delivery,  622 

development  of,  in  foetus,  650 

position  of,  at  birth,  651 
Uterine  mucous  membrane,  602 

tubules  of,  603 

conversion  into  decidua,  604 

exfoliation  of,  at  the  time  of  deliv- 
ery, 621 

its  renovation,  622 

Valve,  Eustachian,  669 

of  foramen  ovale,  672 
Valves,  car<iiac,  action  of,  252 

cause  of  heart's  sounds,  255 
Vasa  deferentia.  formation  of,  046 
Vapor,  watery,  exhalation  of,  55 
from  lungs,  220 
from  the  skin,  315 
Variation,  in  quantity  of  bile  in  dift'erent 
animals,  172 
in  production  of  liver-sugar,  186 
in  size  of  spleen,  102 
in  rapidity  of  coagulation  of  blood, 

211 
in  size  of  glottis  in  respiration,  224 
in  exhalation  of  carbonic  acid,  284 
in  temperature  of  blood  in  different 

parts,  240 
in  composition  of  milk,  during  lac- 
tation, 321 
in  quantity  of  urea,  329 
in  density  and  acidity  of  urine,  334, 
335 
Varieties  of  starch,  04 
of  sugar,  07 
of  fat.  70 

of  biliary  salts  in  different  animals, 
100 


Vegetable  food,  necessary  to  man,  90 

Vegetable  parasites,  520 

Vegetables,  production  of  heat  in,  240 

absorption  of  carbonic  acid  and  ex- 
halation of  Qxygen  by,  244 
Vegetative  functions,  42 
Veins,  274 

their  resistance  to  pressure,  274 

absorption  by,  149 

action  of  valves  in,  277 

motion  of  blood  through,  275 

rapidity  of  circulation  in,  278 

omphalo-mesenteric,  654 

umbilical,  657 

vertebral,  660 
VensB  cavBB,  formation  of,  661 

position  of,  in  foetus,  668 
Vena  azygos,  major  and  minor,  forma- 
tion of,  062 
Venous  system,  development  of,  660 
Ventricles  of  heart,  single  in  fish  and 
reptiles,  249,  250 

double  in  birds   and   mammalians, 
251 

situation  of,  252 

contraction  an<l  relaxation  of,  258 

elongation  of,  259 

muscular  fibres  of,  261 
Vernix  caseosa,  631 
Vertebrata,  nervous  system  of,  868, 
VertebroB,  formation  of,  579,  629 
Vesicles,  adipose,  74 

pulmonary,  219 

seminal,  548 
Vesicula}  seminales,  548 

formation  of,  048 
Vibriones,    in     putrefying     rattlesnake 

venom,  520 
Vicarious  secretion,  non-existence  of,  309 
Vicarious  menstruation,  nature  of,  309 
Villi,  of  intestine,  147 

absorption  by,  148 

of  chorion,  698,  600 
Vision,  477 

ganglia  of,  366,  418 

nerves  of,  431 

apparatus  of,  478 

distinct,  at  different  distances,  481 

circle  of,  485 

of    solid    bodies    with    both    eyes, 
488 
Vital  phenomena,  their  nature  and  pecu- 
liarities, 38 
Vitellus,  533 

segmentation  of,  575 

formation  of,  in  ovary  of  foetus,  652 
Vitelline  circulation,  053 

membrane,  532 

spheres,  575 
Vocal  sounds,  how  produced,  440 
Voice,  formation  of,  in  larynx,  440 

lost,  after  division  of  spinal  acces- 
sory nerve,  400 
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Volition,  seat  of,  in  tuber  annulare,  422 
Vomiting,   peculiar,   after    division    of 
pneumogastrics,  457 

Water,  as  a  proximate  principle,  53 

its  proportion  in  the  animal  tissues 

and  fluids,  54 
its  source,  54 

mode  of  discharge  from  the  body, 
55 
Weight  of  organs,  comparative  in  newly 

born  infant  and  adult,  677 
White  globules  of  the  blood,  204 
action  of  acetic  acid  on,  205 
sluggish  movement  of,  in  circula- 
tion, 282 
White  substance,  of  nervous  system,  852 
of  Schwann,  352 
of  spinal  cord,  364 


Wnite  substance,  of  brain,  insensible  and 

inexcitable,  401 
Withering  and  separation  of  umbilical 

cord,  after  birth,  C77 
Wolffian  bodies,  643 
structure  of,  644 

atrophy  and  disappearance  of,  644 
vestiges  of,  in  adult  female,  650 
Wtman,  Prof.  Jeflfries,  on  cranial  nerves 
of  Rana  pipiens,  433 
fissure  of  hare-lip  on  median  line, 

641 
on  production  of  infusoria  in  organio 
solutions,  519 

Yellow  color,  of  urine  in  jaundice,  341 
of  corpus  luteum,  567 

Zona  pellucida,  532 


THE  END. 
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CHAPTEE    XVIII. 


DETELOPMENT   OF  THE    BODY  AFTER   BIRTH 


The  newly-born  infant  is  still  very  far  from  having  arrived  ai  a 
state  of  complekti  development.  The  changes  through  which  it  hits 
passed  during  intra-uterine  life  are  not  more  marked  than  those 
which  are  to  follow  during  the  periods  of  infancy,  childhood,  and 
adolescence.  The  anatomy  of  the  organs,  both  internal  and  ex- 
ternal^ their  physiological  functions,  and  even  the  morbid  derange- 
ments to  which  they  are  subject^  continue  to  undergo  gradual  and 
progressive  alterations,  throughout  the  entire  course  of  subsequent 
life.  The  history  of  development  extends,  properly  speaking,  from 
the  earliest  organization  of  the  embryonic  tissues  to  the  complete 
formation  of  the  adult  body.  The  period  of  birth,  accordingly, 
marks  only  a  single  epoch  in  a  constant  series  of  changes,  some  of 
which  have  preceded,  while  many  others  are  to  follow. 

The  weight  of  the  newly-born  infant  is  a  little  over  six  pounds. 
The  middle  point  of  the  body  is  nearly  at  the  umbilicus,  the  head 
and  upper  extremities  being  still  very  large,  in  proportion  to  the 
lower  extremities  and  pehas.  The  abdomen  is  larger  and  the 
chest  smaller,  in  proportion,  than  in  the  adult.  The  lower  extremi- 
ties  are  curved  inward,  as  in  the  faital  condition,  so  that  the  soles  of 
the  feet  look  obliquely  toward  each  other,  instead  of  being  directed 
horizontally  downward,  as  at  a  subsequent  period.  Both  upper 
and  lower  extremities  are  habitually  curled  upward  and  forward 
over  the  chest  and  abdomen,  and  all  the  joints  are  constantly  in  a 
semi-flexed  position. 

The  process  of  respiration  is  very  imperfectly  performed  for 
some  time  after  birth.  The  expansion  of  the  pulmonary  vesicles, 
and  the  changes  in  the  circulatory  apparatus  described  in  the  pre- 
ceding chapter,  far  from  being  sudden  and  instantaneous,  are 
always  more  or  less  gradual  in  their  character,  and  requiro  ao 
interval  of  several  days  for  their  completion.    Eespii 
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the  estimates  of  Cruveilheir,  Solly,  Wilson,  &c. :  that  of  the  organa 
in  the  foetus  at  term  from  our  own  observationsw 


Fti:Tir«  AT  Term. 

ApriT. 

igbt  of  tUo  entire  !>ody 

.     laoo.oo 

1000,00 

"        "         ^nct^phalou 

\j^     148,00 

23,00 

Uw. 

]          37.00 

29.00 

*•        •*        h«art 

7.77 

4.17 

kidneya     . 

6,00 

4.00 

renal  capsulfs    . 

1.63 

0.13 

Ih/roid  gland     . 

0,60 

0.51 

'*        **         thjrmtis  gland     , 

3,00 

o.ai 

It  will  be  observed  that  most  of  the  internal  organs  dimiDish  in 
relative  size  after  birth,  owing  priDcipallj  to  the  increased  develop- 
ment of  tho  osseous  and  muscular  systems,  both  of  which  are  in  a 
very  imperfect  condition  throughout  inta-a-uterina  Jife^  but  which 
come  into  activity  during  childhood  and  youth. 

Within  the  first  day  after  birth  the  remains  of  the  umbilical 
cord  begin  to  wither,  and  become  completely  desiccated  by  about 
the  third  day*  A  superficial  ulceration  then  takes  place  about  the 
point  of  its  attachment,  and  it  is  separated  and  thrown  off  within 
the  first  week.  After  the  separation  of  the  cord,  the  umbilicus 
becomes  completely  cicatrized  by  the  tenth  or  twelfth  day  after 
birth.  (Guy.) 

An  esLfoliation  and  renovation  of  the  cuticle  also  take  place 
^ver  the  whole  body  soon  af^er  birth.  According  to  Kolliker,  the 
eyelashes,  and  probably  all  the  hairs  of  the  body  and  head  are 
*Hrowa  off  and  replaced  by  new  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed, 
^^  are  etill  inclosed  in  their  foUicles,  and  concealed  beneath  the 
^y^fns*  They  are  twenty  in  number,  viz.,  two  incisors,  one  canme, 
r  ^  tiro  molars,  on  each  side  of  each  jaw.  At  birth  there  is  a  thin 
|k  ^e^r  of  dentine  and  enamel  covering  their  upper  surfaces,  but 
r®  ixx3y  of  the  tooth  and  its  fangs  are  formed  subsequently  by 
Rpx-^^5^sive  elongation  and  ossificatiou  of  the  tooth-pulp.  The 
p-.^i^^Tmed  teeth  emerge  from  the  gums  in  the  following  order* 
^^^^^  ^»itral  incisors  in  the  seventh  month  after  birth;  the  lateral 
in  the  eighth  month;  the  anterior  molars  at  the  end  of  the 
M^ ;  the  canines  at  a  year  and  a  half;  and  the  second  molar? 
^^ars  (Kolliker),  The  eruption  of  the  teeth  in  the  lower 
^^xally  precedes  by  a  short  time  that  of  the  corresponding 

t,lie  upper. 
^-S  ^^®  seventh  year  a  change  begins  to  take  place  by  which 
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same  time  "becomes  contracted  and  strivelled  to  snch  an  exVei 
that  its  cavity  is  obliterated ;  and  it  is  finally  converted  into  ao  in 
pervious,  rounded  cord,  which  remains  until  adult  life,  runii 
from  the  point  of  bifurcation  of  the  pulmonary  artery  to  the  ttod 
side  of  the  arch  of  the  aorta.    The  obliteration  of  the  arterial  doct 
h  complete,  at  latest,  by  the  tenth  week  after  birth,  (Guy,) 

The  two  auricles  are  separated  from  the  two  ventricles  by  ho 
zontal  septa  which  grow  from  the  internal  surface  of  the  cardt^ 
walk ;  but  these  septa  remaining  incoraplete,  the  auri^ 
lar  orifices  continue  pervious,  and  allow  the  ^rru^  t,;,:,,,,^^ 
blood  from  the  auricles  to  the  ventricles. 

The  interventricular  septum,  or  that  which  8e{>arates  the  titi 
ventricles  from  each  other,  is  completed  at  a  very  early  date ;  hot 
the  interauricular  septum,  or  that  which  is  situated  between  the 
two  auricles,  remains  incomplete  for  a  long  time,  being  perforated 
by  an  oval*shaped  opening,  the  foramen  ovakj  allowing,  at  this 
situation,  a  free  passage  from  the  right  to  the  left  side  of  the  heait 
The  existence  of  the  foramen  ovale  and  of  the  ductus  artenosos 
gives  rise  to  a  peculiar  crossing  of  the  streams  of  blood  in  passtng 
through  the  heart,  which  is  characteristic  of  fecial  lift^  and  ^ 
may  be  described  as  follows : — 

It  will  be  found  upuu  examination  that  the  two  veisie 
superior  and  inferior,  do  not  open  into  the  auricular  sac  oU^' 
same  plane  or  in  the  same  direction ;  for  while  the  sujjerior  tcm 
cava  is  sdtaated  anteriorly,  and  is  directed  downward  and  fbmari 
the  inferior  is  situated  quite  posteriorly,  and  pusses  into  the  aimde 
in  a  direction  from  right  to  lelt,  and  transversely  to  the  aatif  rf 
the  heart.  A  nearly  vertical  curtain  or  valve  at  the  game  tiiae 
hangs  downward  behind  the  orifice  of  the  superior  venii  cava  lod 
in  front  of  the  orifice  of  the  inferior.  This  curtain  is  formed  by 
the  lower  edge  of  the  septum  of  the  auricles,  which,  aa  we  havt 
before  stated,  is  incomplete  at  this  age,  and  which  termiiiates 
inleriorly  and  toward  the  right  in  a  crescentic  border,  leaving  it 
that  part  an  oval  opening,  the  foramen  ovale.  Tlie  stream  of  bloed, 
coming  from  the  superior  vena  cava,  falls  accordingly  in  froDt  of 
this  curtain,  and  passes  directly  downward,  through  the  ai£riciik»> 
ventricular  orifice,  into  the  right  ventricle.  But  the  inferior  veil 
cava,  being  situated  farther  back  and  directed  transversely,  opem 
properly  speaking,  not  into  the  right  auricle,  but  into  th^^  * 
its  stream  of  blood,  falling  behind  the  curtain  above  IC' 
passes  across,  through  the  foramen  ovale,  directly  into  the  oivftyrf 
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the  left  auricle,  Tbis  direction  of  the  current  of  blood,  coming 
>ra  the  inferior  vena  cava*  is  further  secured  by  a  i>eeuliar  meni-7 
rauous  valve^  which  exists  at  this  period,  termed  the  Eustaduan^] 
live.  ThU  valve,  which  is  very  thin  and  transparent  (Fig.  272t/)J'| 
,  attached  to  the  anterior  border  of  the  orifice  of  the  inferior  vena 
fcva,  and  terminates  by  a  cresceutic  edge,  directed  toward  the  left^ 
ivalve,  in  this  way,  standing  .  ^ 

\  an  incomplete  membranous  f'ig'  -"-- 

partition  between  the  cavity  of 

the  inferior  vena  cava  and  that 

of  the  right  auricle.  A  bougie^ 
>rdiQgly,  placed  in  the  in- 
erior  vena  cava,  as  shown  in 

Fig»  272,  lies  naturally  quite 

behind  the  Eustachian  valve, 

and  passes  directly  through 

the  foramen  ovale,  into  the  left 

auricle. 

The  two  streams  of  blood, 

therefore,  coming  from  the  su- 
perior and  inferior  venae  cavse, 

cross  eai"-h  other  upon  entering 

the  heart,  This  crossing  of  the 

streams  idoes  not  take  place, 

however,  as  it   is   sometimes 

described,  in  the  cavity  of  the 

right  auricle ;  but,  owing  to  the 

peculiar  position  and  direction 

of  the  two  veins  at  this  period, 

with  regard  to  the  septum  of 

the  auricles,  the  stream  coming  from  the  superior  vena  cava  enters^ 

the  right  auricle  exclusively,  w^hile  that  from  the  inferior  passea^ 

almost  directly  into  the  left  auricle. 

It  will  also  be  seen,  by  examining  the  positions  of  the  aorta,  puF 

mouary  artery,  and  ductus  arteriosus,  at  this  time,  that  the  arteria 

innorainata,  together  >Yith  the  left  carotid  and  left  subclavian,  are^ 

given  oft*  from  the  arch  of  the  aorta,  before  its  junction  with  the 

ductus  arteriosus,  and  this  arrangement  causes  the  blood  of  the  two 

vente  cava3,  not  only  to  enter  the  heart  in  different  directions,  but 

also  to  be  distributed,  after  leaving  the  ventricles,  to  different  parti 

of  the  body^  (Fig.  273.)    For  the  blood  of  the  superior  vena  cava 


H^ARTof  Hi'MAK  Fo'TCt,  ftt  the  end  of  tUi 
plxtb  month  ,  fr>>in  ii  kpvelmco  Ta  thoaMtt)or*t|>ot-J 
a«6i»iou.— d.  iDferlor  re&m  cuf  a,  h.  Superior  r^m 
cava.  c.  r^Titf  of  right  aoriclA,  laid  »p*u  ff<>ni 
Ibe  tratxi.  d.  Ar>i>ODdlx  aorioalarli,  e.  CarltT  cH 
rlikSlU  VQDtricIe.  lUvtald  t^peti.  /.  EtiDtadhUa  v%)f«. 
Thi*  boui,Met  wbkh  it  fvla««d  In  th«  Infeiior  veaa 
cara,  emu  b«  *ima  paasfog  b«htnd  the  Kii^tacliUs 
THkre*  JiLitt  h^litw  th«  point  indicated  bj  /,  ^^^n^ 
ertinnlag  behind  thi*  eavttj  of  the  right  anrlcic,  and 
pa^ittiiie  throflifh  tb«  (unittdii  itvale,  to  the  l«n  gid% 
of  the  h<Mirt. 
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In  asking  tbe  ftltention  of  the  profegsioo  to  the  works  contained  in  the  following 
pages,  the  publisher  would  state  that  no  pains  arf?  spared  to  secure  a  contin nance  of 
the  confidence  earned  for  the  publitntions  of  the  house  by  their  careful  selection  and 
accnnicy  iind  finish  of  execution. 

It  will  be  observed  that  the  pricea  during  the  last  fonr  years  have  not  been  advanced 
in  proportion  to  the  increased  cost  of  manufoctare,  and  there  is  no  probability  of  a 
decrease  of  cost  that  will  warrant  a  reduction  dnriog  the  coming  seasoa.  The 
printed  prices  are  those  at  which  books  can  geoerally  be  supplied  by  booksellers 
throiighoQt  the  United  States^  who  ciin  readily  procure  for  their  customers  any  works 
not  kept  in  stock.  Where  access  lo  bookstores  is  not  convenient,  books  will  be  sent 
by  mail  post-paid  on  receipt  of  the  pnce,  but  no  risks  are  assumed  either  on  tbe 
money  or  the  books,  and  no  publications  but  my  own  are  supplied.  Gentlemen  will 
therefore  in  most  c^s^s  find  it  more  convenient  to  deal  with  the  nearest  bookseller 

An  IixuRTKATED  Cataloous,  of  64  octavo  pages,  handjomely  printed,  will  be  for- 
warded by  mail,  postpaid,  on  receipt  of  ten  cents. 

HENRY  C.  LEA, 

No«.  704  and  708  SAsaaif  St.,  pBtLADELpau,  Jnae,  1367. 


ADDITIONAL  INDUCEMENT  FOR  SUBSCRIBERS  TO 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES. 

THBEE  MEDICAL  JOUENALS,  containing  over  2000  LABGE  PAGES, 
Free  of  Postage,  for  SIX  IX)LLA1S  Per  Annnm, 


TERMB-IN  A33 VANCE: 

The  Am^kicak  Journal  of  the  Mkdioal  Scikxcks,  and  1  Five  Dolkrs  per  annum, 
The  Medical  News  and  Library,  |  in  advance. 

The  Medical  News  A>n  Library,  separate,  One  Dollar  per  annnm,  in  advance, 

Rankuvq's  Half-Yeably  Abstract  of  the  Medical  SciEHORa,  separate.  Two  Bol- 
lara  and  a  Half  per  annnm  in  advaoce. 

OK, 

The  AxERirAH  JornNAL  of  the  Mrdical  Sciexcbs,  published  qunr-     ^^^  Dollars 


per  annum 
in  advanoe. 


qaarterW  (1150  pages  per  anntim),  with 
The  Mki>ioal\'rws  and  Ltbbaby,  mootlilj  (384  pp.  per  annnm),  and 
Eakeino'sj   Abstract  or  toe   Medical   ISeiENCKa,   published  half- 
yearly  (<iW  pages  per  annum), 

(A  LI.  FUBE  OF  FOSTAGE.) 

In  Ihns  oflfering  for  1867,  at  a  price  nnprecedontedly  low,  thia  vast  amount  of  vain- 
able  practical  matter,  the  publisher  felt  that  he  could  only  be  saved  from  loss  by  an 
CJLteni  of  circulation  hitherto  unknown  In  the  annals  of  medical  journalism.     It  is 

9^  Gentlemen  receiving  this  Catalogue  would  confer  a  favor  on  the  Pnb- 
liaher  by  commuuicatiug  it  to  their  professional  friends. 


tbererore  with  moch  grratlfleatioa  that  he  is  eDabled  to  state  that  the  marked  appro 
ballon  of  the  profession,  as  evinced  in  the  steady  increase  of  the  -t 

promises  to  render  the  enterprise  a  permanent  one.     He  i«  happy  t-^  tie 

vulaable  aid  rendered  W  subscnhers  who  have  kindly  made  known  among  their  tn*'U»!^ 
the  advantages  thus  offered,  and  he  confidently  anticipates  a  continuance  of  the  stmv 
friendly  interest,  which ^  by  enlarging  the  circulation  of  these  periodicals,  will  enable 
him  to  maintain  thera  at  the  nncxarapled  rate  at  which  they  are  now  »upp)ieci 
Tungenients  have  been  made  in  London  hy  which  *'  RAhKiNCt's  ABSTRArr'*  will  h«  is 
here  almost  simultaneously  with  its  appearance  in  En^hmd  t  and,  with  the  c*.»0|»ef 
of  the  profession,  the  publisher  trnals  to  succeed  in  his  endeavor  to  lay  on  ihc  ' 
of  every  reading  practitioner  in  the  United  States  a  monthly,  a  quarterly,  and  a 
yearly  periodical  at  the  comparatively  trifling  cost  of  Six  Dollars  prr  annum. 

These  periodicals  are  nniversally  known  for  their  high  profeaaiooal  atiLDding  in  t 
eevernl  spheres. 

I. 

THE  AMERICAN  JOURNAL  OF  THE  .MEDICAL  SCIENCES, 

Edited  by  ISAAC  HAYS,  M.  D., 

is  published  Quarterly,  on  the  first  of  Jannury,  Ajiril,  July,  and  October^ 
number  contains  nearly  three  hundred  large  octavo  pages,  appropriately  illQ 
wherever  necessary.     It  has  now  been  issned  regularly  for  over  pom  v  n- 
nearly  the  whole  of  which  time  it  has  been  under  the  control  of  i)i 
Throughout  thia  long  period,  it  hm  maiulained  its  possiiion  in  th- 
raedicid  periodicals  both  at  home  and  nbroad,  and  has  received  the  curdml  *u(ipoi 
the  entire  profession  tn  this  eonntry.     Among  its  CoUaborators  will  be  fuund  a  U 
ntimber  of  the  most  diBtingaished  names  of  the  profession  in  avarj  aectioa  rf  1 
United  States,  rendering  the  department  devoted  to 


OniaiNAL    COMMUNICATIONS 
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dnrisf 


H-  ALLEN,  M.  D.,  AmI,  Buff.  H.  8^  A. 

JOHN  ASH  HURST.  Je,,  M-  0  ,  Phll»dolphll. 

WALTER  F.  ATLKE,  M.  l>,,  HhUadeli^liia. 

E    P.  BENNETT,  M.  V.,  Daubury.  CL 

BENJ,  L.  BIRD,  Ja.,  M.  D. 

J.  H.  BLACK,  M.  n.,  N<^w*rk,  O. 

ROBERT  BUliN8»  M,  D.,  Frank  ford,  Pa. 

WM.  0.  BALDWIN,  M.  D.,  M.>Dl«x)jn«ry  Co,,  AU. 
r|tOB£BT8  BaRTUOLOW,  M.  D.,  ClQclunaU,  O. 
■jOHN   G.  BIGHAil,  M.  D,,  Mlllffrabnfg,  O, 

JOHN    H.  BRINTON,  M.  D.,  Phllikdelpbt*, 

jUSliPH  CARBON,  M.  D.,  PhlUdeliiUln. 

KDWAUD  T.  CASWELL,  M.  D.,  Provldonee,  R.  I. 

El>WAJlD  H.  CLARK,  M  P„  Boston,  Mm*. 

p.  F.  CONDIB,  M.  D.,  PhlUd«lplila. 

EDWARD  M,  CtTRTIii,  M  0.,  Br»*bur  P*M».  N.  T. 

6,  HENRY  DICKSON,  M.  D„  PhiUdelpUU. 

J    C,  DALTON,  M.  D.,  New  York. 

PLINY  BAHLE.  M.  !>.,  NorthttinptaD,  Uata. 

D.  B.  ELSON,  M.  D,.  CloTeUml,  0. 

H.  Y.  EVANS,  M.  D  ,  PhllndelphU. 

PAUL  F.  EVE,  M.  !>.,  NMhriUe.  Tcbil 

AUSTIN  FLINT,  M,  X>,,  Jfew  Ygrk. 

CLABKSON  FREEMAN,  M.  D.,  Millon.  Ciinadt  West. 

a  C.  GRAY,  IL  n.,  Awt.  8arg.  V.  8,  A, 


W.  W.  GEBHAR0,  It.  D.,  Pftll«il«I]kbia. 

B.  OLISAN,  M.  D.,  Portland,  Or**fo» 

GEO.  a  HARLAN,  M  1).,  PbiUde*UiUU. 

JOHN  HART,  AI   0,  Bo^tOD.  AImm. 

EDWARD  HARTSnOHNK,  JJ   D,,  niU»d«»f.Mi.| 

PHILIP  HARVEY,  K   V,   r.Mi,,,*..^    ,  .-. 

R.  E.  KACGHTON,  M  l> 

ISAAC  HAYS.  H.  D.,  Phi 

H.  L.  UOUGE,  M.  !>.,  PUiUiieiphuk 

J.  H,  HDTCH1N^)N.  M.  D.,  PWUdelpW*. 

HENRY  HARTSHORNE,  51.U.,  ^hUmdmiphim. 

B.  HOWARD,  M.  D,,  Ule  D.  fi.  A. 

WIL  HUNT,  M   D.,  Phllndnlpbl*, 

JL  RXKVEd  JAl'KSON,  &t.  I>„  atro«d«Uftt«;  ] 

BAJCUEL  J.  JONES,  At.  D.,  Sufir-    -^  *'   ^ 

SAML7EL  JACKSON,  M-  D.,  PL. 

CHARLES  H.  JONKij,  M.  P.,  A>  , 

M,  ££MPF,  U.  D.,  Fttlrmoot,  Jrnt. 

W.  KBMPiJTKR,  M  IP ,  tifnteaM.  If.  Y. 

A,  W.  KINO,  M.  D..  llhaolt. 

J,  J.  LEVICfC,  X.  n.,  PbUadf^lpM*. 

M,  CAREY  LEA,  Enq ,  IN 

JOHN  A,  LI  DELL,  II   D 

IRVING.  W,  LYON,  M,  D  ,  ii.*ruyra,  Q. 


•  CQiDiiiQDiciitioai  mn  Urltad  from  g«otleu«a  La  &I1  pvtt  of  tit*  comaitj'    ML  fii^^ataMm  "rHiiTii  1 
hf  ibe  Editor  are  pftld  for  bj  the  PabUih^r. 


CBiRLEB  >r    MATSON,  M.  D.,  BrookvUte,  P)k 

&.  B.  MArUT.  M.  D,  PurtGlb«oii,  Mt«a« 

K.  M^f;HiLLA^^  M  I) ,  U.  8.  A. 

RICIURIJ   MoSHEBttY.  M  I>  ,  It»U)inor«,  lid. 

M    L    MKAD,  M,D.,  Aibiiiiy,  ».  Y. 

J.  AlTf^KX  ME1G8,  M,  0.,  PbliMle1(^^)jift. 

A.  R  MERRILL,  M.  D.,  New  York. 

a  W.  MirrHKLL,  M.  B.,  Plilladelphlft. 

W.  P.  MOON,  MP,  St  Lo«Ik. 

J    W.  MOORMa!^,  M.  D.,  ftardlQshnrg.  Kf. 

TH08.  0-  MORTON,  M.  D,,  Plilliidelphlii, 

LOUIS  MACKALL,  J»,,  M.  D  ,  0«'jrg*lODni,  D.  C, 

K    B    MOWRY,  M  D„  Allefh«!u/  City,  P*. 

J.  H.  PACKARD,  M.  D..  PbilulelpliU. 

GEOBCiK   PEPPKR,  M  D.,  Phlttd«U>l)U. 

WILLIAM  PEPPER,  M.  D.,  Philadelphtft. 

J,  8.  PRETTYMAA',  M.  D,,  MUfrjnl.  D«L 

l>AVIO  PHl^TCE.  M.  D  ,  J«k-iuBviUe,  UL 

E.  R    PKASLEB,  M,  l> ,  Sf^ir  Y«>rlt. 

I>EWITT  C,  PETERS.  M.  IK,  Stifgeon  U.  S.  A, 

t>.  B.  St.  JOUX  ROUSA,  M.  D  ,  N«w  York. 


A,  ROTHROCK.  M,  D.,  MeVeytown,  P». 

W.  8  W.  nU8CaENBURGBR,  M  U..  Sargeon  U.B.X 

1.  H.  SALIJBITRY,  M.  B,.  CleroLftod,  O. 

KLI  D.  SAR(.ENT,  M.  D.,  D.  8.  Kary. 

J  W.  SHKRFY,  M.D..  Acl'f  Ptt»§od  A%%'\  Surf.  O  S,ll. 

CIIARLK^  C.  ii^HciVER,  M  D.,  LsAVeQWorth,  K^aaM. 

ALPUED  STILLB.  U  B  ,  PhUttdelphU, 

CHAIILES  SMART,  M   D  ,  Anoint,  Sursooa  U.  a  A. 

STEPHEN  SMITH,  M.  D.^  New  York. 

L.  H.  STEIN  BR,  M.  D.,  B*ltimoTo,  Md, 

W.  B.  THTLL,  M.  D..  Aj^rU  burgoon  P,  8,  V, 

J,  B.  TWINING,  M  D.,  Ael'f  Awlit  Sorg,  U.S.A. 

JAMKS  TYMON',  MB.,  PhUadelpbU. 
:  CLINTON  WAfJNKR,  M.  D.,  AfsUt.  Surgeon  U.  8.  A. 
'  J.  J    WOOBWARD.  M.  D.,  AsNtBt.  Surgeon  IT.  fi.  A. 

THOS,  a  WALTON,  M,B  ,  P»»iwd  A«»'t  i^urg  US  ST, 

4BRAEL   B.  WASUBCRN,  M.  D.,  Ute  Surg.  U.8,V. 

W.  A,  WKTHERBY,  M.  D.,  N«w  York. 

H.  WILLIAMS,  M.  B,  Phil&dolphU. 

WM.  J.  WILSON,  M.D.,  Macon,  Mo. 

BBWARD  WaiNERY,  BL  D  .  Fort  MadUott,  Iowa, 

HORATIO  C.  WOOB,  Jr.,  M.  D.,  Philjidelphla. 


Fcllowmg  tbis  is  the  ^'Rrtikw  Department,"  containiog  extended  and  impnrtial 
reviews  of  all  im|iorljint  new  works,  tofretber  with  numeroas  elaborate  "Biblio* 
GnAPHicAL  NoTH'Ks**  of  »early  all  the  publications  of  the  day. 

This  18  followed  In*  the  '^Quarterly  Summary  of  Improvkmkntr  and  Discovkries 
IN  THH  MRBirAL  i^riKNCES/*  clasisiSed  aud  arranged  wnder  different  heads,  presenting 
a  very  complete  digest  of  all  tliat  is  new  and  interestiiig  to  the  physician,  abroad  as 
well  a-s  at  home. 

Thus,  during'  the  year  18G6,  the  "Journal"  furnished  to  its  aubscribers  One 
Ilunilred  and  Twenty  Originiil  Cnminmiications,  Sixty-five  Reviews  and  Biblio- 
graphical  Xoticea,  and  Two  Hundred  and  Thirly-two  articles  in  the  tiuarterly  Sum- 
marivii,  makiag  a  total  of  over  Ftwn  Hunoreo  articles  emanating  from  ilic  bei5i  pro- 
fessional minds  in  America  and  Europe. 

To  old  subscribers,  many  of  whom  have  been  on  the  Uflt  for  twenty  or  thirty  years, 
the  publisher  feels  that  no  promiaes  for  the  future  are  necessary;  bat  gentlemen  who 
may  now  nrojiosJie  for  the  first  time  to  subscribe  may  rest  assured  that  no  exertion  wilt 
be  8parea  tu  maintain  the  ^'Jolrnai/'  in  the  bij^h  posilion  which  it  \ni9  8u  lon^  occu- 
^^_  pied  as  a  national  exponuut  of  Bcientific  medicine,  and  as  a  medium  of  intercommu- 
^^hpiicuUon  between  the  profession  of  Europe  and  America — to  render  it,  in  fad,  neces- 
^^Kaarj  to  every  practitioner  who  desires  to  keep  on  a  level  with  the  progress  of  his 

I  The  anbseription  price  of  the  '^American  Journal  of  trb  Mebical  Sciknors"  has 

I         never  been  raided,  during  its  long^  career.     It  is  still  Five  I^ollars  per  annum  in  ad- 
I  vance,  for  which  Bum  the  subscriber  receives  in  addition  the  ^'Medic^al  News  and 


II. 


TDE  MEDICAL  NEWS  AND  LIBRARY 


4  monthly  periodical  of  Thirty-two  large  octavo  pBp:es,  making  384  pages  per 
fmnum.  Its  *'Nrws  Department*'  presents  the  current  information  of  the  day,  with 
Clinical  Lectures  and  dospital  Gleanings;  while  the  "Library  Department"  is  de- 
voted to  publishing  standard  works  on  the  various  branehes  of  medical  science,  paged 
eeparatelVt  so  that  they  can  be  removed  and  boimd  on  completion.  In  this  manner 
fiubscribeVs  have  received,  without  expense,  such  works  as  **  Watson's  F'racticb," 
*'ToDD  AND  Bowman's  Physiology,"  **  W  est  on  Children,"  "Mai/jaione's  Surgery, '* 
Ac.  Ac.  Professor  Ericusen's  new  and  valuable  practical  work  "On  Railway  and 
other  Injuries  of  the  Xkrvous  Htstk^i,"  commenced  in  the  number  for  January, 
1867,  will  be  completed  in  June,  and  with  July  wnll  be  commenced  "Hudson's  Lsc- 

TURE9  OK  TUB  8tI  DY  OF  FkVKR." 

As  stated  above,  the  subscription  price  of  the  "Medi^^al  News  and  Library"  is 
One  Dollar  per  annum  in  advance;  and  it  is  furnished  without  charge  to  all  sul>- 
scribers  to  the  ''Amsricax  Journal  or  the:  Medical  Scieitcks*'' 


4       Henry  C.  Lea*s  PriLioATiojrs— (^m,  Journ.  Med.  SdenetM}* 


III. 
RANOTG'S  ABSTRACT  OF  THE  MEDICAL  SCIE>XLS 

is  issued  in  hulf-vearly  Tolumcs,  wliieli  will  be  delivered  to  aubscri^iers  ahont  the  fin*l 
of  AngusI,  and  first  of  Febmarj.  Each  volume  eoulaina  about  30U  clu^clj  j*notvii 
octavo  pageSf  m&king  six  hundred  pages  per  aiinam. 

"Raneino's  Abstract"  has  now  been  published  in  England  repilarlj  for  more  1 
twenty  years,  and  haa  acquired  the  highest  rcputution  for  the  alulily  nnd  imf" 
with  which  the  essence  of  medical  literature  is  coDdensed  into  ita  papea.  It  i-u 
to  be  '^4*4  Analytical  and  Oritmil  Diqt^t  of  the  principal  Bnltxh  ami  O 
JI/i?f//rQfi  Worh^  published  in  tht  preceding  Six  Months,**  and.  in  addition  to  t- 
thus  derived  from  independent  treatises,  it  presents  an  abstract  uf  all  that  is  tmpur-J 
tant  or  interest iug  in  about  sixty  British  and  Continental  journaln.  Karh  article | 
is  carefully  condensed^  so  as  to  presenl  its  substance  in  the  smallest  poc-  .iw*^^ 

thus  affordiug  apace  for  the  very  large  amount  of  information  laid  bel. 
The  January  volume,  for  instance,  thus  coutaiued 

TillETY-FOUR  ARTICLES  ON  GENERAL  QITESTIOKS  15  MEDICOE 
YIYTY-TWO  ARTICLED  OW  SPECIAL  QHKSTIOXS  IN  MEDICINE. 
SIX  ARTICLES  05  OEXERAL  Q^ESTIQ^S  Ilf  SUHGERT. 
TWEJrTY-BIQHT  ARTICLES  ON  SPECIAL  QUESTIOZfS  15  8UBGBET 
TWENTY  ARTICLES  ON  MIDWIFERY,  &0, 

SEVENTEEN  ARTICLES  ON  MATERIA  MEDICA  AND  TBERAPBUTICS. 
SIXTY-THKEE  REVIEWS  AND  BIBLIOORAPHICAL  NOTICE& 
TWO  ARTICLES  IN  APPENDIX, 

Making  in  all  two  hundred  and  twenty-two  articles,  or  over  four  hundred  per 

Each  volume,  moreover,  is  systematically  arranged  with  an  ehiborate  Table  of  Coi^^ 
tents  and  a  very  lull  Index,  ttins  facilitating  the  ri'searcbes  of  the  reader  in  pcirvuil 
of  particular  subjects,  and  enabling  him  to  refer  without  loas  of  lime  lo  the 
amount  of  information  contained  in  its  pages. 

The  subscription  price  of  the  "Abstract,"  mailed  free  of  postiig^.  Is  Tw^ 
DuLLARs  AND  A  Haxj-'  per  annum,  payable  in  advance.    Single  volumes,  $1  50  cadb. 

As  stated  above,  however,  it  will  be  supplied  in  conjunction  with  the  **AMmmckt 
Journal  of  the  MKorcAL  Sctescks"  and  the  "Mkdical  N«W8  am*  Libbast,**  tlit 
whole /ree  of  poalmje^  for  Six  Dollars  per  annum  in  advance. 

For  this  small  sum  the  snbscriber  will  therefore  receive  three  periodicals,  eaeh  uf 
the  highest  reputation  iu  its  class,  containing  in  all  over  two  tiiousa?«d  rAaw,%  of  the 
choicest  reading,  and  presenting  a  complete  view  of  medical  progress  ikrongbouc  thtj 
world. 

In  tbig  effort  to  bring  so  large  an  amount  of  practical  information  within  the  reiaci 
of  every  member  of  the  profession,  the  publisher  confidently  anticipates  the  frieod., 
aid  of  all  who  are  interested  in  the  dissemination  of  sound  medical  literatare,     Dei 
trusts,  especially,  that  the  subscribers  to  the  *'Amkrican  Mkdical  Jocrkal'*  will  ciUl| 
the  attention  of  their  acqnaintauces  to  the  advantages  thus  off'ered,  and  thai  h^  ■ 
be  sustumcd  in  the  endeavor  to  permanently  establish  medical  periodical  litemtu 
a  footing  of  cheapness  never  heretofore  attempted. 

♦  *  Gentlemen  desiring  to  avail  themselves  of  the  advantages  thns  offered  % 
wolf  to  forward  their  subscriptions  at  an  ^rly  day,  in  order  to  insure  the  rec^ 
complete  sets  for  the  year  1B67. 

0"  The  safest  mode  of  remittance  is  by  postal  money  order,  drawn  to  the  or 
the  undersigned.     Where  money  order  po&t-oftices  arc  not  acce8siblo,  remttlauc 
the  '*  Journal"  may  be  made  at  the  risk  of  the  publisheri  by  taking  the  post 
certificate  of  the  inclosure  and  forwarding  of  the  money.    Address, 
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jyUNGUSON  {ROBLEF),  M,  D., 

jPro/eiMtff  ri/  Jn^ihUf*  of  Medicine  in  /cf«r»*'n  Mtdteal  OolUfffi,  PhtktdrJphta. 

MEDICAL  LEXICON;  A  Dictio.vary  of  Medical  Science:   Con- 

tainmg  a  concise  explanMion  of  the  various  Subjects  and  Termg  of  Anatomjf  Phj^iuldgy, 

Pathology,  Hygiene,  ThempouiieSi^  P  harm  at?  f^  logy »  Ph'^innncVt  Surgerj,  Ob;<tBtrtca,  M«"lioal 

Jurii«prnden<!«,  nnd  I>enti!»try.     Notices  of  Climata  »nd  of  Mineral  Waters;  Formuli©  for 

Offlcana!,  Empirical,  and  Dietetic  Prepfirtttions;  with  tb*  Accentnntion  and  Etyraoloja^  of  < 

the  Terms,  and  the  French  and  other  Synonyines;  bo  as  to  oon^tilate  n  French  iis  well  s« 

Englbh  Medical  Lexicon.    Thoroughly  Revised,  and  Tory  greatly  Mcidifiod  and  Anjfmentfd, 

Iq  one  very  large  aod  handsome  royal  octaTo  rolaine  of  1048  dotible-eolainnt'd  piig:«^  in 

bidaII  type;  strongly  done  ap  in  extra  cloth,  $6  00;  leather,  raised  bunds^  $0  75. 

The  object  of  the  author  from  the  ootaet  h&s  not  been  to  make  the  wrirk  a  mere  lexicon  or 

dictionary  of  term*,  hot  to  afford,  tinder  each,  a  condensed  view  o  Jits  Tftrions  medical  relutlonii» 

and  thu«  to  render  the  work  an  epitome  of  the  exiating  condition  of  mediotil  «oienoe.     Stitrtinj^ 

with  thu  view,  the  immense  demand  which  has  existed  for  the  work  has  enabled  him,  in  r«'peiited 

rerUioni,  to  augment  its  completeness  and  unefalnois,  ontil  at  length  it  haa  attained  the  position 

of  a  recognixed  and  standard  aolhonty  whererer  the  language  is  spoken.     The  mechnnicrtl  «xe- 

ention  of  iMs  edition  will  be  found  greatly  superior  to  that  of  previous  impre^tsiouji.    By  enlarging 

the  s\z9  of  the  Tolam#^t»  a  royal  uotiivo,  and  by  thei  employment  of  a  ssmall  but  clear  type,  on 

extra  fine  paper,  the  addition*  hare  been  incorporated  without  materially  inoreaj^ing  the  btdk  of 

the  volume,  and  the  matter  of  two  or  throe  ordinary  ootavoa  haa  been  compressed  Into  the  apace 

of  one  not  unhandy  for  oonsultnLtioo  and  reference. 

It  in  undonVkidlT  th»s  most  complf*te  and  nnffnl 


It  woold  be  a  work  of  «apor4»rngtvtkoT)  to  b«>!ilow  a 
Wtord  of  pral«e  upoa  ttiU  Lcxkuti.  We  e»a  only 
wonder  nl  the  tabor  expended.,  for  wheDi*vcr  wr?  rofo^r 
to  lt»  page»  fnr  iatotmnihta  wa  ar«»  freldrtm  illRAp- 
poltit«Kl  5d  flndlDgaU  wo  detiire,  wbeLh«r  It  b*  let  nc- 
c<*otiTAilou,  etymolo^,  or  deflnUlon  of  tarma, — AVur 
Tffrk  M&ti<!fU  /otcmal,  Noveiabert  1S65. 

It  would  be  mere  waste  of  wprdu  in  as  to  expreM 
ocr  admimiioo,  n(  a  work  whltU  ia  mo  uafverpalty 
aod  de«orrerl]y  appredatod.  The  nioi^i  admirable 
wyrk  of  ir*  klud  lu  tb**  f^OfrllvU  Uaguiig**.  A*  a  b>«ik 
«f  r»fer«!tc<i  ll  \b  fnvalaiibio  to  the  mr- T  '  - 
J^ser,  ntiii  In  erurT  lUHtu^ace  that  wn  I 

prer  iu  pug^t)*  for  inforuialioa  we  Iiata  I  I 

l»y  ibe  c3H(*rn<»M  of  litagUHge  aa«i  tho  »*'■•  run  y  or 
detitll  wilh  wliJcb  eitch  aVioiindei.  W«i  can  laoni  our- 
fiwiiy  an4  couflrjftijtiy  commeud  U  to  our  readam. — 
GtoMffow  MnUpnl  Journal t  Janaary,  IS^tti, 

A  work  10  which  there  In  iio«!qna1  In  the  Eoj^Unb 
l«agaage.— fcUnAtir^A  MedictU  JimmaL 

It  Ik  nKitnethlug  more  than  a  dtottouary,  and  nom^. 
Ihlaj;  IcxA  thttQ  aa  eaeyotop»dia.  This  edition  of  ilie 
well-kamim  work  U  a  great  iniprovoiD^nt  oa  lU  pre* 
dec^cMiMorM,  The  boi>k  U  one  uf  the  rery  fow  of  which 
tt  may  be  wiid  with  truth  that  *!rery  tnedlcal  mnii 
ahonld  po»»«ifB  It. — LitHdofi  Jfadical  Tiiu^^  Aug.  ^ 

imi. 

F«w  works  <if  the  elss*  exhibit  a  grander  nn'tonniPDt 
of  ptatleot  reiMsaroh  and  nf  jicientlOc  lore.  Thf  oxteni 
of  the  sale  of  tbl«  iexlcoa  It  natllcloat  to  testify  to  its 
a3«<fulsi^:»«,  and  lo  the  great  senfiue  Cimferred  by  Dr. 
Bobley  Danfllaoa  on  tb^  prufea^ion,  and  iadefd  on 
otlurt,  by  iu  ianac.—LotuittH  L^mcet,  May  U,  1!m)^. 

The  old  edition,  which  la  now  iiaporit«dod  by  tbe 
aeWs  hftA  barn  onlveriially  looked  upon  by  the  modi- 
eal  profpsaloB  as  a  work  of  immeo*e  re»earob  and 
fTdat  value.  The  new  ha<  fnereaiied  ntofulaoM;  for 
medicinal.  In  itU  tt«  branchcii,  ban  bewn  mnktng  each 
priigrsHB  that  many  new  termn  nod  snbjoett  have  re- 
oeoily  b#«!n  lntroduc»-.i :  »U  of  whioh  may  be  found 
ftiily  defined  In  tbe  pre^ut  E?d!don.  We  know  of  no 
other  dlotVonary  lu  ih?  EtinllHb  langiini^  thtit  can 


medical  dlctiotiary  hirh<nirto published  in  thi«  country. 
—Chicago  Mini.  Bxatniutr^  Pebroary,  1S6<5. 

What  w«»  take  to  be  dffcldpdly  the  bent  tnedleal  dic- 
tionary In  the  Eugllah  languaire.  The  pr^oat  <«dktloa 
la  brought  folly  up  to  the  advanced  *tale  of  vcleuoe. 
For  many  a  long  year  '^DnnglUon^*  has  b<*e»  at  oar 
elbow,  a  contitant  cawpanWn  and  friend,  vmd  we 
^eet  him  In  his  repleni^hml  aad  iroproved  form  wllb 
eflp€iclai  NAM.4fftotloa. — Facijic  Mai.  and  Surg.  Jttur' 
Ttai,  Jan©  27,  18*W. 

TblJi  Id,  perhni  of  all  others  which  the 

physlol&H  or  «iv  lavdoo  hU  i»helvej«.     It  | 

iJi  more  ntedM  I  at  d&y  than  a  few  rears 

hitvk,— Canada  Mul.  Jourucd,  July.  lSfl5. 

It  deaerredly  stands  at  tbe  hei^d,  ^nd  CAnnut  be 
0nrpa#nAd  In  flxcollnnce.— S«i/a^  Jf«i,  and!  Surg. 
JoHrnril^  April,  180.5, 

Wo  can  «i&cere1y  eommoind  I^r.  Duo^lUon**  wnrk 
a«  fO'-wt  thoroBg^  '  "     and  nccuraie.     W«j  bare 

lonled  it  by  ftoar  .s  for  new  termti,  which  i 

have  abou(idi[*d  <nt^  in  Tn^,)ir.^f  H-rrifn* 

datura,  and  our  Ht'n  I  c[i  rj.i^   I  '  "' 

imfuuict^,     Wn  bjiveb<<on  par 
ftttac**K  of  tt>e  «Tiiisnymy  aL'i 

rlvallr.tt  i]f  Wurd*.  It  U  ai  n-^oo-  ;,  ry  n  wnvK  Ui  .  v .  r^ 
enlightened  physician  an  Worcv-^imr'ti  Engllih  Plo 
tiouary  U  to  Btnry  u&o  who  woutd  k*»»»pvfp  !ih  k«uw 
Ifrjgo  of  lh<*  Euij^ilhih  tnngno  to  ll  <\  tite  ' 

pr*»<»Dl  day,     ll  !«.  to  our  nvlndt  i '  M]«le(a  * 

work  of  (hti  kind  with  which  wr  :  .  ej.—  ^ 

liasldfi  Mtui,  and  Surg.  Journtjl^  Jnu»  ,;^  i-  >.«. 

We  are  fr*n  to  oonfeM  that  w<*  know  of  no  medical 
dlirilniiary  mort^  ouwiptHf" ;  ti'i  1^1*1  1in'jr«»r.  if  «<>  wviH 
adaptr^d  for  the  uso  ui  <:  rnay 

b*»  coni^tilted  with  no  ,[^-^1 

practltlonor. — Am.Jvi  ou. 

The  value  of  tbo  prflM>nt  edttian  ^<«tjy 

enbauofd  by  the  iatroducUon  of  i  and 

term!*,  and  a  more  compl»j(«ieiymuI.^^,_.  ,,.ni  .,^  M/»iiua- 
tioa.  ^vhtpU  renders  t_h«  work  not  i-aly  saiHfdrtfMV 


bear  a  comparison  with  It  in  point  of  completeaeM*  of  \  *"']  ''***irubK  but  lndlspoai.ahi«»  to  tht)  pbytidan.^ 
snbteets  and  aecuracy  of  statemenL-.V.    y.  J^ntg.    <^hi^^0o  Jf^J.  Jimrnai,  April,  IS^. 
ffUW  Qirtntlar,  1S«5, 


For  many  Vifam  Doofltson's  Dietlouary  has  been 
tbe  standard  book  of  reforeQOO  with  moflt  practltioa- 
0T«  in  I  bin  country,  ^ud  we  own  certainly  oommc>Qd 


No  intelHgent  me'mberof  thn  prufoMlou  can  or  will 
be  without  iU-^L  LauU  M&d,  and  Surg.  lournnL 
April,  lSft5. 

It  htt«  the  rare  merli;  that  It  certainly  hs«  no  rtvo^l 


this  work  t<i  the  renewed  conHdeocH  aod  regard  Of  Mn  thti  Eogllfeh  languaae  for  accuracy  and  extetitJt 
oulT  rtoadera— CKnetorui^l  Lnnat^  April,  i8tt0.  I  r«flHreBQes.<— ^ndim  JMcfteal  G<:iUti0, 


JJDBLTN  {BICBARD  D,),  M.D. 


A  PICTIOXARY  OF  THE  TERMS  USED  IX  IVfEDIOIXE  AXD 

THE  COLLATERAL  SCIENCES.  A  new  Ameritinn  edition,  revised,  with  nuraeroua 
additions,  by  Isaac  Hats,  M,  D.,  Editor  of  the  "American  Journal  of  the  Medical 
Boienoea.*'  In  one  large  royal  I2mo.  volnme  of  over  500  duuble-culumned  pages;  extra 
cloth,  $1  bO }  leather,  $2  ao. 

It  l«  thM  b^t  book  of  deflaltlouji  we  haTfl^  and  ought  always  to  be  apoa  the  Btt|dent's  tabIe,-H9oitfJ4Mn« 
Jfati  and  Surg.  JuurntU. 
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seems  to  be  aocomplished,  dariog  this  period,  to  a  cotisideraliie 
extent  through  the  skin,  which  is  remarkably  soft,  vascular,  amd 
ruddy  in  color.  The  animal  heat  is  also  less  actively  generated 
tha%  in  the  adult,  and  requires  to  be  sustained  by  careftol  protect 
tion,  and  by  contact  with  the  body  of  the  mother.  The  young 
infant  sleeps  during  the  greater  part  of  the  time ;  and  even  when 
awake  there  are  but  few  manifestations  of  tnteffigeireo  or  pernsp- 
tion*  The  special  senses  of  sight  and  hearing  are  doll  and  inei- 
citable,  though  their  organs  are  perfectly  formed;  and  even 
consciousness  seems  present  only  to  a  very  limited  extent.  Yolua- 
tary  motion  and  sensation  are  nearly  absent ;  and  the  almost  eoa- 
stant  irregular  movements  of  the  limbs,  observable  at  this  t' 
are  evidently  of  a  reflex  or  automatic  character.  Nearly  all 
Nervous  phenomena,  indeed,  presented  by  the  newly-bom  infant 
are  of  a  similar  nature.  The  motions  of  its  hands  and  feet,  the  *ci 
of  suckling,  and  even  its  cries  and  the  contortions  of  its  fucc,  arc 
reflex  in  their  origin,  and  do  not  indicate  the  existence  of  lar 
active  volition,  or  any  distinct  perception  of  external  objadl 
There  is  at  first  but  little  nervous  connection  established  with  tht 
external  world,  and  the  system  is  as  yet  almost  exclusively  ooeiK 
pied  with  the  functions  of  nutrition  and  respiration. 

This  preponderance  of  the  simple  reflex  actions  in  the  nerti  j5 
system  of  the  infant,  is  observable  even  in  the  diseases  to  whi'^h  u 
is  peculiarly  subject  for  some  years  after  birth.  It  is  at  this  aig% 
that  convulsions  from  indigestion  are  of  most  frequent  oceurrcooe, 
and  even  temporary  strabismus  and  paralysis,  resulting  from  tk? 
same  cause*  It  is  well  known  to  physicians,  moreover,  that  the 
effect  of  various  drugs  upon  the  infant  is  very  diftbrent  from  tkai 
which  they  exert  upon  the  adult.  Opium,  for  example^  i#  rr^*- 
much  more  active,  in  proportion  to  the  dose,  in  the  infant  Ih  . 
the  adult.  Mercury,  on  the  other  hand,  produces  salivation  with 
greater  difficulty  in  the  former  than  in  the  latter.  Blisters  exete 
more  constitutional  irritation  in  the  young  than  in  the  old  subjoin: 
and  antimony,  wheti  given  to  children,  is  proverbially  fmeeroua 
and  dangerous  in  its  operation. 

The  difterence  in  the  anatomy  of  the  newly-bom  tufantp  and  ihat 
of  the  adult,  may  be  represented,  to  a  certain  extent  by  the  fct 
lowing  list,  which  gives  the  relative  weight  of  the  m*  "f*^* 

internal  organs  at  the  period  of  birth  and  that  of  ati^i^  ^^v ,  tii*^ 
weiglit  of  the  entire  body  being  reckoned,  in  each  case,  ms  lOW. 
The  relative  weight  of  the  adult  organs  has  been  ealculat^  ffom 
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tlie  estimates  of  Craveilheir,  SoUy,  Wilson,  &o. ;  that  of  the  organs 
in  the  foetus  at  term  frooi  our  owa  observationa. 


Weight  of  th«  entire  bodj 
**        encephaloQ 

liver  . 

heart 
**         kidnefs 
'*        renal  capsalfs 
**         thyroid  gl&nii 
**        thymus  glmnd 


FcETF*  AT  Te:km, 

.       1000.00 

1^     148.00 

37,00 

7.77 

6.0O 

1.63 

o.eo 

3.00 


lOOO.OO 
23.<X) 
29.00 
4.17 
4.00 
0.13 
0,51 
0.00 


It  will  be  observed  that  most  of  the  internal  organs  diminish  io 
relative  size  after  birth,  owing  principally  to  the  increased  develop- 
ment of  the  osseous  and  muscular  systems,  both  of  which  are  in  a 
very  imperfect  condition  throughout  infcra-uterine  life,  but  which 
come  into  activity  during  childhood  and  youth. 

Within  the  first  day  after  birth  the  remains  of  the  umbilical 
Old  begin  to  wither,  and  become  completely  desiccated  by  about 
the  third  day.  A  superficial  ulceration  then  takes  place  about  the 
point  of  its  attachment,  and  it  is  separated  and  thrown  off  within 
the  first  week.  At\er  the  eeparation  of  the  cord^  the  umbilicus 
becomes  completely  cicatrized  by  the  tenth  or  twelfth  day  after 
birth.  (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  also  take  place 
over  the  whole  body  soon  after  birth.  According  to  Kolliker,  the 
eyelashes,  and  probably  all  the  hairs  of  the  body  and  head  are 
thrown  oflFand  replaced  by  new  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed, 
and  are  still  inclosed  in  their  follicle^  and  concealed  beneath  the 
gums.  They  are  twenty  in  number,  viz.,  two  incisors,  one  canine, 
and  two  molars,  on  each  side  of  each  jaw.  At  birth  there  is  a  thin 
layer  of  dentine  and  enamel  covering  their  upper  surfaces,  but 
the  body  of  the  tooth  and  its  fangs  are  formed  subsequently  by 
progressive  elongation  and  ossification  of  the  tooth -pulp.  The 
fully-formed  teeth  emerge  from  the  gums  in  the  following  order- 
The  central  incisors  in  the  seventh  month  after  birth;  the  lateral 
incisors  in  the  eighth  month ;  the  anterior  molars  at  the  end  of  the 
first  ye^ir ;  the  canines  at  a  year  and  a  half;  and  the  second  molars 
at  two  years  (Kolliker).  The  eruption  of  the  teeth  in  the  lower 
jaw  generally  precedes  by  a  short  time  that  of  the  corresponding 
teeth  in  the  upper. 

Puring  the  seventh  year  a  change  begins  to  take  place  by  which 
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same  time  becomes  contracted  and  shrivd 
that  its  cavity  is  obliterated ;  and  it  is  finallj' 
pervious,  rounded  cord,  which  remains  nii 
from  the  point  of  bifurcation  of  the  pulmonj 
side  of  the  arcb  of  the  aorta.  The  oblileratii 
is^  complete,  at  latest,  by  the  tenth  week  aft^ 

The  two  auricles  are  separated  from  the  i 
zontal  septa  which  grow  from  the  intemaV^ 
walla ;  but  these  septa  remaining  incompleta 
lar  orifices  continue  pervious,  and  allow  til 
blood  from  the  auricles  to  the  ventricles.      ' 

The  interventricular  septum,  or  that  wl 
ventricles  from  each  other,  is  completed  at  1 
the  interauricular  septum,  or  that  which  ii 
two  auricles,  remains  incomplete  for  a  long; 
by  an  oval-shaped  opening,  the  foramen  ^ 
situation,  a  free  passage  from  the  right  to  th< 
The  existence  of  the  foramen  ovale  and  o 
gives  rise  to  a  peculiar  crossing  of  the  streai 
through  the  heart,  which  is  characteristic  0 
may  be  described  as  follows: — 

It  will  be  found  upon  examination  ihi 
superior  and  inferior,  da  not  open  into  thi 
same  plane  or  in  the  same  direction;  for 
cava  is  situated  anteriorly,  and  is  directed  di 
the  inferior  is  situated  quite  posteriorly,  and' 
in  a  direction  from  right  to  left,  and  trani 
the  heart*  A  nearly  vertical  curtain  or  vt 
hangs  downward  behind  the  orifice  of  the  a 
in  front  of  the  orifice  of  the  inferior.  Thi 
the  lower  edge  of  the  septum  of  the  auri^ 
before  stated,  is  incomplete  at  this  age,  a 
inferiorly  and  toward  the  right  in  a  cresc< 
that  part  an  oval  opening,  the  foramen  ovale. 
coming  from  the  superior  vena  cava,  falls  1 
this  curtain,  and  passes  directly  downward, 
ventricular  orifice,  into  the  right  ventricle, 
cava,  being  situated  farther  back  and  direct* 
properly  speaking,  not  into  the  right  auriclfi 
its  stream  of  blood,  falling  behind  the  curi 
passes  across,  through  the  foramen  ovale,  dirt 
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and  yellow  for  the  inferior.  The  two  syringes  were  managed,  at 
the  same  timCj  by  the  right  and  left  hands:  their  nozzles  being 
firmly  held  in  place  by  the  fingers  of  an  assistant  When  the 
points  of  the  syringes  were  introduced  into  the  veins,  at  equal  dis- 
tances  from  the  hearty  and  the  two  injections  made  with  equal  force 
and  rapidity,  it  was  found  that  the  admixture  of  the  colors  which 
took  place  was  so  slight,  that  at  least  nineteen-tweatieths  of  the 
yellow  injection  had  passed  into  the  left  auricle,  and  nineteen-twen- 
tieths  of  the  blue  into  the  right.  The  pulmonary  artery  and  ductus 
arteriosus  contained  a  similar  proportion  of  blue,  and  the  arch  of 
the  aorta  of  yellow.  In  tlie  thoracic  and,  abdominal  aorta,  however, 
contrary  to  what  was  found  by  Dr,  Reid,  there  was  always  an  ad- 
mixture of  the  two  colors,  generally  in  about  equal  proportions. 
This  discrepancy  may  be  owing  to  the  smaller  size  of  the  head  and 
upper  extremities,  in  the  pig,  as  compared  with  those  of  the  human 
subject,  which  would  prevent  their  receiving  all  the  h]*Dod  coming 
from  the  left  ventricle;  or  to  some  differences  in  the  manipulation 
of  these  experiments,  in  which  it  is  not  always  easy  to  imitate  ex- 
actly the  force  and  rapidity  of  the  diflerent  currents  of  blood  in 
the  living  fcetus.  The  above  results,  however,  are  such  as  to  leave 
no  doubt  of  the  principal  fact,  viz.,  that  up  to  an  advanced  stfitge  of 
fcetai  life,  by  far  the  greater  portion  of  the  blood  coming  from  the 
inferior  vena  cava  passes  through  the  foramen  ovale,  into  the  left 
side  of  the  heart;  while  by  far  the  greater  portion  of  that  coming 
from  the  head  and  upper  extremities  passes  into  the  right  sirle  of 
the  heart,  and  thence  outward  by  the  pulmonary  trunk  and  ductus 
arteriosus.  Toward  the  latter  periods  of  gestiition,  this  division 
of  the  venous  currents  becomes  less  complete^  owing  to  the  three 
following  causes : — 

First,  the  lungs  increasing  in  size,  the  two  pulmonary  arteries^  as 
well  as  the  pulmonary  veins,  enlarge  in  proportion ;  and  a  greater 
quantity  of  the  blood,  therefore,  coming  from  tlie  right  ventricle,. 
instead  of  going  onward  through  the  ductus  arteriosus,  passes  to 
the  lungs,  and  returning  thence  by  the  pulmonary  veins  t4>  the  left 
auricle  and  ventricle,  joins  the  stream  passing  out  by  the  arch  of 
the  aorta. 

Secondly^  the  Eustachian  valve  diminishes  in  size.    This  valv^ 

which  is  very  large  and  distinct  at  the  end  of  the  sixth  mcmth 

(iO^.  27^2\  subsequently  becomes  atrophied  to  such  an  extent  that, 

at  the  end  of  gestation,  it  has  altogether  disappeared,  or  is  at  lea&i 


reda 


^ed    to  the  condition  of  a  very  narrow,  almost  iropercei' 


Henry  C,  Lea's  Publications — {Annlfmy), 


Letturer  tm  A  ntUnmy  at  St,  Gettrgtt'g  SntpUol,,  Lond*m. 

ANATOMY,    DESCRIPTrTE    AND    SURGICAL,      llie  Prawii.ps  by 

H.  V»  Carter,  M.  P.,  lute  iMroorii^trator  on  Anfttoroy  iit  St.  Geurgrf*fl  HosspUnl :  th*  I>i»«»<*. 
tionf  jointly  by  the  Aurnon  and  Dn.  Qartkh.     Second  Ain*ri<?iiii,  from  Hi.  1 

&tid  Improved  London  edition.     In  one  miigntflieent  imperial  lumivo  voui  i 

pikg^ef,  with  388  l&rg«  and  elaborate  eog^r^vings  on  wood.     Price  ta  exti  •  j,   ^  « 

li^nlher,  raised  bandit,  $7  00, 
Tbe  author  hflj  endeavored  in  thia  work  to  corer  n  more  extended  range  Of  snbJeetA  thftn  ii  eitj> 
tomary  in  the  ordinary  t«;it-booki,  by  giving  not  only  the  details  nocesdory  for  the  student,  bulj 
alto  the  applicadoD  of  those  detaila  in  the  practice  of  ra^didtine  and  durgery,  thus  retirJeritig  it  bolU J 
a  gnide  for  the  learner,  and  an  admirable  work  of  reference  for  the  aclife  prnoiitioner.     The  en- 
gravingi  form  a  ipecbl  feature  in  the  work,  many  of  them  being  the  siie  of  natare,  nearly  aU 
original^  and  baviog  the  names  of  the  vnrioufi  parte  printed  on  the  body  of  the  eat,  io  ulace  ol 
figures  of  reference,  with  defcriptlonii  at  the  foot.    They  thas  form  a  complete  nnd  fplendia  lerief^^ 
which  will  greatly  aii!$i«t  the  student  in  obtaining  a  clear  idea  of  Anatomy,  and  will  also  »^tx«  till 
r^rroeh  the  memory  of  those  who  may  find  in  the  exigenoiea  of  practice  the  neet- 
tli«  detail?  of  the  dissecting  room;  while  combining,  oa  it  doen,  a  complete  Atlas  ^ 
A  tborongh  treatiae  on  ftytttematic,  de»crip>tive,  and  applied  Anatomy,  the  work  fi 

eoiential  UAe  to  aU  phjuiciaoA  who  receive  etudent«  in  their  officer,  relieving  both  preceptor  and 
pupil  of  much  labor  in  laying  the  groundwork  of  a  thorough  medical  education. 

Notwithstanding  itii  exceedingly  low  price,  the  work  will  be  found,  u  I  i       "    "         < 

execution,  one  of  the  banddomest  that  boa  yet  been  offered  to  the  Atn  j 

earefiil  icmtiny  of  a  competent  anatomiii  ha«  relieved  ii  of  whatever  i..  ^   „  .^^._  ..     .   ._  ....  .J 
in  the  English  edition. 
Thn^  1T  1*  t!iril  V-nnTc  nflffT  hnok  makoft  the  labor  efl  and  with  tcarcp  a  T''fi*n>nrp  tA  ftip  rT^Tit^cT  tArt.    The 
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th«f  Mrre  to  refrtati  ibe  jaereury  witli  great  re<Mikae*«  [  g^t  uarswurdsd.— .A'aj^i^k  Mtd  and  Surjf  JourM«s|.l 

OMITH  {HEXRVB.),  M.D,,        and     TJORKER  {  WILLIAM  E.),  M.D.. 

Pnif  uf  Hntg^ry  in  the  Unh.  *>/  Ftnna  ,  *«?«  LnU  Pn/.  of  Amiimny  in  the  tJn it*,  c/ ptmn*a..,  *!& 

AN    ANATOMICAL    ATLAS,  Ula^trative  of  the  Structutt*  of  the 

Hnman  Body.     In  one  >'oIumef  large  imperial  <Kit«¥o,  esirik  olotk,  with  a^emt  aix  bund/ed 
and  fifty  beautiful  figures.     |4  50. 
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af  thi*  Atlas,  a»  It  It  the  m^jst  t^onvealeat  wutk  of  I 
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RXEH  [WILLIAM  E.),  M,D., 
SPKOIAL  ANATOMY  AND  HISTOLOGY.    Ex^Uh  c^aitfoji,  cxteii-J 

iively  revii«ed  and  modified.     In  two  large  octavo  vulumea  of  over  1000  poge»,  with  mur^l 
than  aou  woodetite;  extra  cloth,  |(S  00. 


aHARPEY  {  WILLIAM).  M,D,,     and      Q  UAIN  {JONES  ^  RHJHARU), 
HUMAN  ANATOMY.  Kevised,  with  Notes  aiul  Additions,  hy  JogEPii  \ 

Lbidv,  M.D.,  Profisior  of  Aoatomj  in  the  Fniverpily  of  Pennsylvania.     Complete  in  two  i 
large  octavo  volumes,  of  about  i;JuO  {lages.  with  511  itlustratiunft;  extra  cloth,  $t>  OU, 
The  very  low  price  ofthii  i^tatidard  work,  and  itj  complf'tene«)!<i  in  all  departmeots  of  the  eubjecti 
ibonld  oommand  for  it  a  place  in  the  library  of  all  atiatomiual  ^tudvntf. 


j^LLEN  [J.M.I  M.D. 

THE  PRACTICAL  ANATOMLSTj  on,  The  Stumph-'s  Gitide  i»  the 

DiasBcTiKa  Itooit,    With  l:m  illuHtrationt.    Id  one  very  kandiome  royal  i2mo.  Ttlam* 
of  over  tlOO  Images ;  nxtra  olt>th,  $2  I'O. 
One  of  xhoy  ai<>i»t  ax.  ful  work»  a|>ua  ibr  •ubjeit  ever  wrtllea, — MmUatl ^amtw/r. 


jyiLSON  (ERASMUS),  KR.S, 


A  SYSTEM  OF  HUMAN  AIS^ATOMY,  General  ami  Sr -r      >  ^^i^ 

and  revised  AmericAo,  from  the  last  and  enlarged  English  ecUlion.      1  to* 

SRBcnT,  M.  D.,  rrof«si»sor  of  General  und  Surgiciil  Anatomy  in  the  Medi  m. 

lllustriit«cl  wiib  ihre«  hundred  liiid  ninetj-raren  engravicigfl  on  woqJ.      Iri  Ktstt'  ri     •        i 
hnndeome  octavo  Tolume,  of  over  600  large  pages;  extra  doth,  $4  0«:  Irather,  $  >    ' 
The  publisher  trusts  thnt  the  woll-*arn*d  reputation  of  this  longest   ''    *^     .   .  ,  ^^ 

more  than  tniiintfttnod  by  the  preFent  edit  Lou.     Bcflidefi  a  Tcry  tboroDgh  i  ,  it 

hue  been  mo^t  carefully  exnmmod  by  the  editor,  and  the  efforts  of  both  1<  in- 

troduoiDg  every  thing  which  inaren^ed  experience  in  its  nae  has  fnggested  »4  de^oifcttHc  i'< 
B  complete  text-book  for  those  iceking  to  obtain  or  to  ren«w  an  acquaintance  with  Httr 
tomy.     The  amount  of  nddkions  whiuh  it  bag  thua  received  may  be  eatimatcd  from  tL> 
the  present  edition  eontjiiii.4  over  one-fourth  more  matter  than  the  last,  rendering  »  sir 
and  an  enlarged  page  requi?ite  to  ke«p  the  volume  within  a  convenient  site.     Th*  a,ulh4>r 
only  thu.fli  added  largely  to  the  work,  but  he  has  also  mftde  aIt«rations  throughout,  wherever  tberv 
•ppenred  the  oj>fK>rtunity  of  improving  the  arrangement  or  style,  so  nn  to  present  every  fafft  la  tU 
most  appropriate  msmner,  and  to  render  th©  whola  as  clear  and  intelligible'  ae  piJ«.*ible. "  The  edlter 
hna  exercised  the  utmo.^t  cantion  to  obtain  entire  aooaracy  in  the  text,  and  has  Inrc^ly  tr>rr<k«t«4 
the  number  of  ilJu^irationsi,  of  which  thcrei  are  about  i»n«  hundred  and  fiOy  nior«  in  (ti»  ttUihm 
than  in  the  lasi|  thus  bringing  diatinetly  before  the  eye  of  the  student  everythiiig  f»f  intarvKef 
importance. 

THE  SAME  AUTHOR,  ' 


li 


THE  DTSSECTOK\S   MAXITAL;   nn,  pRACTrcAL  and  Sru. 

TOMT.     Third  American,  from  the  Inst  revisied  and  enlnirged  English  edition 

reujTami^ed  by  Willi  A.M  Udnt,  M.  D,,  late  Bemomitrator  of  ADai>omy  in  tl»v  .  i. ... r    . 

PennsyKaniu.     In  one  large  and  handsome  royal  ]3mo.  volume,  of  682  pagea,  witAi  >^ 
illustrations;  extra  cloth,     |2  1)0. 


rrODGES.  (RICHARD  JT.),  M,D.. 

-*-^  LaU  Ikmon^trdtur  of  Antjiumif  in  the  Moitr^il  Department  of  Bamnrd  UnffxfrHtff. 

PRACTICAL  DISSECTIONS,     Second  Edition,  thoroughly  revised. 

one  neat  royal  12mo.  volume,  half-bound,  $2  00,     (Just  Rsadf/,) 
The  object  of  thi«  work  is  to  present  to  the  anatomical  atndent  a  e<i»af  and  poT»*»?*e  df«et^f( 
of  that  which  he  ie  expected  to  obiserve  in  an  ordinary  co«:  ~'^ 

atideavored  to  omit  nnnecej^sary  details,  and  to  prrsent  the  en 

e>f»erieuce  ban  i-howu  him  to  be  the  ino?t  convenient  and  i.         ,.     .     . -.     „.    

reviaion  of  th<>»  pre!>ent  edition,  ho  haa  sedulously  Inborad  to  fender  the  Toiumc  taota  wv 
tlie  favor  with  which  it  has  heretofore  been  received. 


Jj^ACLlSE  {JOSEPH), 

SUIIOICAL  ANATOMY.      By  Joseph  Macltse,  Surgeon.     In 

volume,  very  large  Imperial  quarto;  with  fift  large  and  splendid  platea,  drawn  In  lli# 
style  and  beautifully  colored,  isontaining  I9D  figures,  many  of  them  the  sis«  of  Life,  tog^^bm 
with  copious  explanatory  letter-press.      Strongly  and  handsomely  boand  in  extra  chUu 
Price  $14  00, 
As  no  complete  work  of  the  kind  baa  heretofore  been  published  in  the  Bnglifh  lan^aft ,  iW 
present  Tolome  will  supply  a  want  long  felt  in  this  country  of  an  accurate^  and  ooi»pr«tjrD*ist 
Atlas  of  Surgical  Anatomy,  to  which  the  student  and  practitioner  can  at  all  ttiu««  r«f»r 
tain  the  exact  relative  position?  of  the  varioan  portions  of  the  human  fmnie  tnv^rtU  m'-u 
iTjd  to  the  ifiurface,  as  well  as  their  abnormal  deviations.     Th-  "  •  '  £  t,*  tv 

student,  in  the  absence  of  anatomical  materinl,  and  to  prft-  vtiittn  tn 

©ra<?rgencies  or  to  refresh  their  reoollectiona  of  the  diiijieoting  i  u^tMl^Hai 

the  large  size,  beauty  and  finis^b  of  the  very  nuToerous  illnritrtiiiiuaii,  it  wiU  be  obaenW  ikMk  tta 
price  is  so  low  as  to  place  it  within  the  reach  of  all  members  of  the  prnfefmnnr 

W©  k DOW  of  00  work  on  Kurglca.1  anutomy  wblcb 

oan  cirinpele  wUb  U. — Lfinc^, 

The  work  of  ISaelJine  on  lar^cal  anatomy  li  of  the 

.  Iil;(h4?tt  value.     lu  some  respectft  It  is  th«  t)e&t  pnbU- 

coition  of  1tJ«  kSod  we  have  seen,  and  U  worthy  of  a 

pl^re  la  the  library  of  any  laedicai  inaa,  while  the 

.  at iideat  eoabtAcai-cely  make  a  bettor  iavevtmeot  than 

I  th  I*.*-  The  Western  /tnirnal  uf  Medicine  and  Surgtry. 

Ji9  such  llthoisrraiihlc  tilti^traHiias  of  ntirglcal  re- 
mii  have  bithorio,  we  think,  been  ^vea,  White 
Uia  operator  ii  nhuwo  every  t^mcI  and  nerve  where 
*a  oparaUon  It  cooteuiplmted,  the  exact  anatoxnlBt  is 
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r.r  the  - 

nature. — BoH'jii  Mui.  and  Hur^,  JiHirnaL 


OEASLEE  {E.  i?.),  J/./>„ 

Pr*»pft*fW  qf  An^tnmt/  an^t  P^Hot'Off-y  fn  IMrtmoitth  Mfd,  Cttltrgt,  JV,  JI 

HUMAN  HISTOLOGY,  in  its  relations  to  Aimtomy,  Pb\  Ktnl.Mjy,  tmd 

Pjitbolugy;  for  the  use  of  medical  students.     With  four  hundred*and  it/UfUa- 

tigns.     In  one  handfome  ocUva  volame  of  over  6U0  pages,  extra  olotk      c 
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A  RP  ENTER  {WILLIAM  B,),  M.  D.,  F.R,.% 

Ex4xmiHi!r  in  Physinhigy  anrf  VompiirHttitm  AnfUttmy  in  Uus  Cniptarttttj/  of  London.^ 

PRINCIPLES  OF  HUMAN  PHYSIOLOGY;  with  their  chief  apph- 

ontioofl  t^  Pfjflhology,  Pathology,  Thprnpeutio?,  Ujgione  and  ForoD,8ic  MeiliciDo.  A  new 
American  from  the  la«fc  and  revised  Loodon  etiitioa.  With  ntsiu-ly  thrett  hundred  i1ilu«tr:ilioDir. 
Editi*d»  with  additluns!,  by  PiiAtfcis  Ouhnky  Smitb,  M  D.,  Profesi^or  of  the  Iimtitulf-i  -  f 
Meflicine  in  the  University  of  Pennsylvania,  Ac.  In  one  very  Irtrge  and  beantiful  tx  Uiva 
volume,  of  abiiut  900  larg«  pag««»  handsomely  priutedf  extra  clotU|  $5  50  i  leather,  itdind 
hnndSt  $6  50. 

Wf  itdiabl  ti^t  tr  l»  d««ilDed  td  r«t«.ln  «  atrong  huH 
iiti  pa»»lle  fartir.  untt  ft>mn\i\  tb/*  ffivopll*  text-tHHik  lit 
oar  ci*llJ*g»M.  —  Virifinia  Meiiieftl  Junrtinl. 

Wc  littfi*  *n  often  upriln'Ti  in  t**rtn^  of  hfyh  eom- 
mAQiJiirtfin  of  Dr  rArpt^otr^r**  i*likh<»rMo  work  <m  bu- 
niiitk  phywi'^logf  ttjMi.  Iia  aunijiuui'ittit  m  arw  (tilllluf, 

fur  llyid  (liU  tbn  CH.tt«^  «iuce 

«v.  ;,  ui>i4  well  MVftire  «>f  the 

ch .....  ..,..,,..,  .:.■  '.vurk  AS!  woQurn'tlTeiii ar«. 

The  above  U  the  lltT<»  of  wh»t  1*  empbAttently  f*« 
gn'Al  witrk  uit  plij^luluicx  ;  itntt  we  uro  r^juneioiitt  Ihat 
it  woaU  Urt  a  osijli'44  nfliirt  tci  KtLrtnipi  to  arJ4  huv- 
thlu^  t^>  tbo  r^|>l1t^tUta  or  tttU  ioruIuiibU  woiV^  nad 
c»n  i>aly  *iiy  to  all  wlilt  wfo-vru  our  tiplnlon  Ua*  .iny 
iciHttooce,  that  It  U  uar  auikttrity.—AUaiUa  Mtd. 

JftHfUtil 

The  f  rnjitn*r,  eho  mo*t  rellu)d<»,  »tiil  th«  h«it  book 
OQ  rlio  «o!))'Mn  w]i\i<li  wi]  kii«>w  of  lu  tl>«  KofUih  iaa- 


The  lilpb*iit  cum  pi  I  meat  Umt  can  1)*  extooil^^d  io 
Iht*  jrcaf  Work  of  Dr  Cnrp^-iUtT  l>«  lu  caH  atT**iiil'm 
to  lhl»,  *uo»hor  n«?w  editlou,  which  tb?  ftivomblfl' 
TvfCA-fd  >>f  \hf  }>rrtf<»«i«lf»a  h>tK  ralli^i^l  f-ir.  rjirfUMiUvr  ]» 
III.  I    *iithonty  oa  phrftlology,  .  i 

ri  d  Murleal  wllf  reprd   • 

M    i  luai  a  copy  of  ii, — Oincin 

rtvr. 
b  WlHi  Dr  Smith,  we  e^a&deully  belli^re  "thut  Ihu 
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BTiMi^ft  V. ,    ,^,,  ..!.-  Mf  nonp 

fr^,'M,  ;i  -  -t    '.•  ■  u:torjr 'Kiii»iirlH4^**  of 

Ut'' i''":  •    •'  '  :y  nihm  cwD  1»<»  a*  well 

Obutu--.L  u-.ijH  l4.^ti=  .  ., ..i|.,...  .-ir  the  »nA  of  nfirh  aA 
take  np  the  aimhj  u/  pbyiiologj  In  ilJi  fpfprnuf^*  lo 
the  InviUulex  and  practice  ef  modloUe. — Am,  Jnur. 

A  eomplotA  ryclopjedla  of  thin  braiuslii  of  ftcleDoe.^ 
"  T,  Jf«l.  Times 

^T  TBE  SAMS  AJITBOR.  

PRINCIPLES  OF  COMPATIATTTE  PHYSIOLOGY.    Nctt  Aram- 

can,  from  the  Foarth  and  Rerii^ed  Luhdon   Editi^m.     In  one  large  aud  handsome  tictaru 
volume,  with  over  three  hundred  beaatiful  illu^trationa     Pp.  7!>2.    Extra  cloth,  %b  00. 
\  Al  acooipleie  and  ccinden.*fed  trraliBe  un  It^  extended  and  impfirlaut  subject,  thit  work  becocoet 
ii  neeeewity  to  «tndeQt»  of  natural  ieieac«,  while  lh«  rery  low  price  at  which  it  U  offered  plooef  it 
within  th«  reftoh  of  all. 

»r  THE  HAME  AUTHOR. 

THE  MI0RO8C0PE  AND  ITS  REVELATIONS.    With  an  Appcn^ 

diX  containing  the  Applications  of  the  Microscope  to  OHnitial  Medioine,  (t:<i.     By  F.  (1,1 

Smitii    M,  D.     lliu!«tratiHl  by  four  hundred  and  thirty-four  beautiful  engravinie^»  un  woo(LJ 

la  009  large  and  very  haodBoma  octavo  volume,  of  724  pages,  extra  cloth,  $5  33 


fpjDD  (ROBERT  B,),  M.  D.  F.R,S.,  and  JgOWMAN  (W.).  F.R,S. 
THE    PHYSIOLOGICAL  ANATOMY   AND   PHYSIOLOGY   OF 

MAN.     With  ubuut  three  hundred  largo  and  beautiful  illui^irations  on  wood.     Cotnpleta  iu 
one  large  octavo  Folume  of  9MI  pagea,  extra  cloth*     Price  ^4  7j, 

p-n  I  practiticjijflt  cuti  <?(it)<4ult  relatlag  to  phynlology.— A* 
k  I  y.  Journal  uf  Mttticiti^, 
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The  njim  1*8  of  Todd  and!    EH  i 
AunillKr  lo  the  iitu<l«Dt  of  >>  k 

we  h*Trt  ih«*  ripo«i)£p»'rlniir  i 

Olmffl-ii.-   ..--I    fViTV  lilMtH'b   'if    ■  ,'«• 

e.i<-'  :'                   .1  crjtii-Al  L  x.iMiiij-i- 

t^  ^"'C"ord.    Thus,  whJln 

tlf  ;lv,  In  LfaeLr  pablica- 

tloa,  Ihe  %^vik  vviis  a  coniplpte  oxponpnt 

of  Ihe  !ici*i»c*'  V  itt  the  tlrnti  of  lt«  final 

appearaaee.      Y  nrflfor**,    n>PMiiiiu<>Dd    thi* 
work  a«  one  of  tbu  luu&t  reil*bie  which  the  studeat  er 


Tn  It  the  rislun^   ^Mirrfttion   of 
owe,  in  jrrfial  ni 
ell  thfi  ohiAf  tii> 
at»d   working  •>'■ 
Rnbjin.ct  of  tlipir  c.ire 
l^dgo  will  do  tnopfl  ro 
tion'^rs   rhan   ^aytUiu 
MadieO'Okirm'ffical  RcaiLtii, 


ttfd'ivii]    tniitr    will 


^IRKES  {WILLIAM  SENHOUSE),  M,D„ 

A  MANUAL  OF  PHYSIOLOGY.     A  new  American  from  the  third 

and  icnpraved  Loudon  edition      With  two  hundred  illn:#ttratir»n8.     In  ooo  large  and  brmd' 
aome  royal  ISmo.  voluma.     Pp.  58G,     Extra  olotb,  $2  2^  ^  leather,  $2  75. 
By  the  n§e  of  a  fine  and  clear  type,  a  very  lari^e  amount,  of  matter  has  been  oondenfed  into  a 
nparatively  ^mall  volume,  and  at  its  exceedingly  low  pricp  it  will  be  found  a  mo<it  de^imblo 
manual  for  students  or  for  gentlemen  detirous  to  refreah  tbwir  knowledge  of  uiudem  physiology. 

It  l«  at  once  eoDv«to1eat  io  <«i7e,  r>^fiipt-(^bipn»iTe  Iq 
de«ifD,  and  coocIm*  In  ftatemeut,  and  iiltugi«th<<ir  well 
aduptind  for  tha  parpone  de«lgiie<l. — St.  LmlM  J^tfL 
OiM  Rurg.  Joumtil, 

The  phytlolafieal  reader  will  fl ad  It  a  moat  excel- 


Icur  i!ini;l.-'  'in  th. 


*>vv  In  Ith  lu'i-t  lid- 


lea^'theaed.— S'li/ai'i'ur^  Jlf«cl,  and  SMrg,  JanrnaL 


DEyKLOPMENT  OF   THE   BOOT   AFTER   BIRTH, 
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tlie  estimates  of  Cmveilheir,  Solly,  Wilson,  &c. :  that  of  the  organs 
in  the  foetus  at  term  from  our  own  observatiooa. 


FtETKIt  AT   TeKM, 

ABtlT. 

WeLgUt  of  the  entire  bocij 

. 

lOOO.OCi 

lOOO.OO 

"        .1 

encephalou 

v^ 

148.iXJ 

23.00 

"' 

IWer  . 

37.00 

29.00 

t«        « 

heart 

7.77 

4J7 

it               u 

kidnejfl     , 

6.00 

4.00 

H                  II 

r<»n»l  cipswles   . 

1.63 

0.13 

*' 

thyroid  glaod     . 

0.60 

o.ra 

.. 

thymas  gland     , 

3,00 

aoo 

It  will  be  observed  that  most  of  the  internal  organs  diminish  ia 
relative  size  after  birth,  owing  principally  to  the  inereased  develop* 
ment  of  the  osseous  and  muscular  systems,  both  of  which  are  in  a 
very  imperfect  condition  throughout  intra-uterine  life,  but  which 
come  into  activity  during  childhood  and  youth. 

Within  the  first  day  after  birth  the  remains  of  the  umbilical 
cord  begin  to  wither,  and  become  completely  desiccated  by  about 
the  third  day.  A  superficial  ulceration  then  takes  place  about  the 
point  of  its  attachment,  and  it  is  separated  and  thrown  oft"  within 
the  first  week.  After  the  separation  of  the  cord,  the  umbilicuii 
becomes  completely  cicatrized  by  the  tenth  or  twelfth  day  after 
birth.  (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  also  take  place 
over  the  whole  body  soon  after  birth.  According  to  Kolliker,  the 
^yelashea,  and  probably  all  the  hairs  of  the  body  and  head  are 
*^hrowtt  off  and  replaced  by  new  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed, 
^Qd  are  still  inclosed  in  their  follicles,  and  concealed  beneath  the 
'^Vm^^  They  are  twenty  in  number,  viz.,  two  incisors,  one  canine, 
Vcl  t^^M^K^  molars,  on  eiich  side  of  each  jaw.  At  birth  there  is  a  thin 
^^^M'  of  dentine  and  enamel  covering  their  upper  surfaces,  but 
y  of  the  tooth  and  iu  fangs  are  formed  subsequently  by 
sive  elongation  and  ossification  of  the  tooth -pulp.  The 
^=^^i^^med  teeth  emerge  from  the  gums  in  the  following  order, 
itral  incisors  in  the  seventh  month  after  birth;  the  lateral 
i  n  the  eighth  month ;  the  anterior  molars  at  the  end  of  the 
XT  ;  the  canines  at  a  year  and  a  half;  and  the  second  molars 
ars  (Kolliker)*     The  eruption  of  the  teeth  in  tbe  lower 

r^^3:K*ally  precedes  by  a  short  time  that  of  the  correspouding 
"t-fce  upper. 

the  seventh  year  a  change  begins  to  take  place  by  which 


r 
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Absorbint  glands,  152,  801 

▼esftels,  162,  801 
Absorption,  146 

by  bloodvessels,  149 

by  lAOteals,  168 

of  fat,  156 

of  different  liquids  by  animal  sub- 

Btanoes,  206 
of  oxygen  in  respiration,  226 
by  egg  during  incubation,  598 
of  calcareous  matter  by  allantois, 
594 
Acid,  carbonic,  226,  280,  827 
lactic,  in  gastric  juice,  128 
in  souring  milk,  88,  820 
glyko-eholic,  164 
tauro-cholic,  165 
pneumic,  281 
uric,  881,  888 
oxalic  in  urine,  844 
Acid  fermentation  of  urine,  848 
Acidity  of  gastric  juice,  cause  of;  128 

of  urine,  887 
Acini,  of  Uyer,  822 
Adipose  yesicles,  74 

digestion  of,  148, 144 
Adult  circulation,  678 

establishment  of,  674 
Aerial  respiration,  217 
Age,  influence  of,  on  exhalation  of  car- 
bonic acid,  284 
on  comparative  weight  of  organs, 
677 
Air,  quantity  of,  used  in  respiration,  222 
alterations  of,  in  respiration,  285 
circulation  of,  in  lungs,  228 
Air-cells  of  lungs,  219 
Air-chamber,  in  fowl's  egg,  540 
Albumen,  84 

of  the  blood,  208  . 
in  milk,  819 

of  the  egg,  how  produced,  588 
its  liquefaction  and  absorption  dur- 
ing development  of  foetus,   590, 
591 
Albuminoid  substances,  79 

digestion  of,  126 
Albuminose,  127 

interference  with  Trommer's  test, 

128 
frith  action  of  iodine  and  starch, 
J29 


Alimentary  canal  in  different  animals, 
100 

in  human  subject,  108 

development  of,  632 
Alkalies,  effect  of,  on  urine,  888 
Alkaline  chlorides,  55-58 

phosphates,  61 

carbonates,  60,  61 
Alkaline  fermentation  of  urine,  844 
Alkalescence  of  blood,  due  to  carbonates, 

60 
Allantois,  588 

formation  of,  689 

in  fowl's  egg,  592 

function  of,  698 

in  foetal  pig,  610 
Alligator,  brain  of,  866 
Amnion,  587 

formation  of,  588 

enlargement  of,  during  latter  part  of 
pregnancy,  618,  619 

contact  with  chorion,  620 
Amniotic  folds,  588 
Amniotic  fluid,  618 

its  use,  619 

contains  sugar  at  a  certain  period, 
687 
Amniotic  umbilicus,  588 
Analysis,  of  animal  fluids,  48,  49 

of  milk,  96,  818 

of  wheat  flour,  96 

of  oatmeal,  96 

of  eggs,  97 

of  meat,  97 

of  saliva,  108,  110 

of  gastric  juice,  123 

of  pancreatic  juice,  140 

of  bile,  160 

of  blood-globules,  202 

of  blood-plasma,  207 

of  mucus,  312 

of  sebaceous  matter,  313 

of  perspiration,  315 

of  butter,  820 

of  urine,  336 

of  fluid  of  thoracic  duct,  302 

of  chyle  and  lymph,  304 
Andral  and  Gavarret,  production  of 

carbonic  acid  in  respiration,  234 
Animal  functions,  43 
Animal  heat,  237 

in  different  species,  289 

(679) 


^^^^                                                                            691 

^ruttti«r*8  gUnds,  1^7 

CeriPioat  arches,  traufformatfott  of.  65ft 

Buffy  colli  of  the  blocwi,  214 

Changes  in  egg,  while  passing  through 

Butter,  ai9 

oviduct,  686,  681*. 

coinpo«itioti  Qt  320 

In  hepatic  ciroulation  at  Wrth,  665 

condilioii  in  milk,  76,  319 

in  comparntiTo  slic  of  organs,  after 

Botjrine,  320 

birth,  677 

CBcraECiL,  eiperimenta  on  imbibition. 

CAnaU  of  Cutler,  660 

296 

C«ptLl&riei,  279 

Chick,  doTclopmcnt  of,  690 

their  iooBcuUtion,  280 

Children,  AaUc,  410 

tnotioti  of  blood  in,  281 

Chloride  of  sodium,  56 

CapilUry  circulation,  281 

its  proportion  in  the  animal  tissuat 

causes  of,  282 

and  fluids,  66 

rapidity  of,  2B5 

importance  of,  in  the  food,  56 

local  Tariations  of,  285 

mrjde  of  discharge'  frwin  the  body,  68 

ptcuUikritica  of,  in  ilifTereni  parts. 

partial  decomposition  of,  in  the  body. 

288 

68 

Caput  coli,  formation  of,  688 

Chloride  of  poLatslnm,  68 

Ckrboujo  ncid,  in  the  breath,  226 

Cholesterin,  160 

proportion  of,  to  oxygen  absorbed, 

Chorda  dorsalis,  570 

H,      220,  227 

Chorda  tympani,  influence  of,  on  circn- 

■  in  the  blood,  228 

lat'ion  in  aubmaxillary  gland,  508 

^V  €>rigtn  of,  in  Inngs,  231 

on  the  sense  of  t»8ie,  473 

■          in  the  blood,  232 

Chordic  TOCO  lee,  moTemeut  of,  in  respi- 

IF          in  the  tissues.  232 

ration,  224 

mode  of  production,  232 

action  of,  in  the  production  of  yocal 

daily  quantity  of,  234 

aounds,  449 

▼ariations  of,  234 

obBtriictlon  of  glottis  by,  after  divi- 

exhaled by  ikin,  236 

sion  of  pneumogttBtric,  451 

by  egg,  during  incubation,  593 

Chorion,  formation  of,  596 

absorbed  by  vegeUblea,  244 

Tillosities  of,  598 

Darbonate  of  lime,  60 

source  of  vascularity  of,  6^                              .^^J 

of  soda,  60 

union  with  decidua,  607                                      ^^H 

of  potaasa,  61 

Chyle,  74,  189,  151,  304                                               ^H 

of  ammonia,    in   putrefying  urine, 

in  lacteals,  154                                                     ^^M 

344 

absorption  of,  155                                                 ^^H 

Cardiac  circulation,  in  fcBtua,  670 

by  intestinal  epithelium,  166                         ^^H 

in  adult,  254,  673 

in  blood,  157                                                        ^^U 

3mivorotts  animals,  reipirution  of,  34, 

Ciliary  motion,  in  bronchi,  223                                  ^^1 

227 

in  Fallopian  tubes,  561                                        ^^B 

urine  of,  820 

CiUary  nerves,  500                                                      ^^B 

:arUUgine,  6»i 

Circulation,  248                                                          ^^B 

!}aaeine,  84 

in  the  heart,  254                                                ^^M 

Zml,  secretion  of  bile  in,  172 

in  the  arteries,  266                                              ^^B 

closure  of  eyelids,  afler  diTiston  of 

in  the  veins,  274                                                  ^H 

sympjiihetio,  610 

In  the  capillaries,  279                                         ^H 

Catalytic  action,  82 

local  variation R  of,  285                                        ^^H 

of  pep»iii,  127 

regulated  by  nervous  in6uence,                ^^H 

Centipede,  nenrous  system  of,  360 

285                                                            ^H 

Centre,  oerTOUS  definition  of,  357 

rapidity  of,  286                                                      ^^| 

Cerebrum,  403.     See  Hemrsphcrea. 

peculiarities  ol,  in  different  paHa,                      ■ 

Cerebral  ganglia,  366,  &c.     $e€    Hemi- 

288                                                                             ■ 

spheres. 

in  liver,  823                                                              ■ 

.>rabcUuta,  413 

in  placenta,  609,  614                                                     ■ 

eifecU  of  injury  to,  415 

Ciroulinory  apparatus,  derelopment  of,                ^^M 

j^mora]  of,  415-418 

053                                                                      ^H 

^fiction  of,  414 

CivUiKation,    aptitude   for,    of    different               ^^^| 

^^v<?Jopmcnr  of.  626,  627 

races,  408                                                            ^^^^H 

[^^^-epinal  system,  302,  363 

Clauvb,  J,  L.  Eaq.,  an  d»          ^^2^^^t^^^l 

^^'^iopmcnt  of,  625 

anterior  pyramids,  86ll               ^^^^^^^^^^^B 

^^^^*-i,  542 

Classification                                     ^^^^^^^^^^^^^H 

^t^f*^  ^*^*  *^1 

Clot,  foruiaUon  oC,  200                    ^^^^^^^^H 

,     ^^m  ^^he9,  657 

separation                            ^^^^^^^^^^^^^^^B 
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IIenby  C,  Lba's  Publications — {Phyi^Moc^), 


jy ALTON  (J.  C),  M,D., 

A  TREATISE  ON  HUMAN  rnYSTOLOGY',  Designed  for  th©  aws 

of  StxidenU*!  and  Practitioner?  of  Meditiine.     Thinl  edition,  re^^ifed,  with  nemrlf  ikrM  )ti»!i- 
dred  illustrntions  on  wotjd-     In  one  very  beautiful  ootAvu  volume,  of  700  pikg>M»  «aUB  thtth, 
$5  25  J  leather,  $6  25. 
••  In  Ibo  present  edition  of  tbis  urork  tb«  fc^nerat  plan  ftt*d  ftrrnT!^«'ti»«»nt  of  tb«  two  fV»rTB<»r  tn** 

ftre  retnincd.     The  improveinontsi  and  a-fditioni  which  h^i       '  '  ' 

puration  into  the  text  of  oertJiin  n«?w  factw  atid  diB(!ov«nr 

iuadtt  Iheir  appearance  within  the  \iu^t  three  ycnrs.^* — An:.. .    .  .     , 

The  rapid  demand  for  another  edition  of  this  work  sulfioieotij  ihowa  that  the  ■ii' 

ccedcd  in  his  elTorta  to  produe«  a  text-hook  of  siandiLrd  luid  perm&neut  ralat^,  «tnL. 

ft  iDoder»te  conipa.i.'^  nil  that  is  definitirelj  and  pof)itive1y  known  within  the  duiDaiu   nt 

rhysiology^     Hin  high  reputation  &»  tui  origiDal  obj^erver  and  inventij^ntor  b  ft  graanhnte^ 

aj»ain  re\^i?ing  it  he  has  introduced  whate?eT  ii  neeeasary  to  render  it  thoron^fhly  on  &  le  .  - . , 

the  advanced  science  of  the  day,  and  thlt  has  beea  tt/ocompliibed  without  undalj  liier««elO|;  Iftt 

isi£«  of  the  volume. 

Nf»  exertion  has  been  spared  to  mninlaln  the  standard  of  typof^rapbical  e:recution  whlrh  1^ 

rendered  thi*  work  admittedly  one  of  the  haDdsouiee<t  volttmes  aa  yet  prodncpd  in  tbia  country 


W*?  beFlcve  we  fully  recfignt/e  the  value  «>r  Pmper  i  rAtHtnf  of  tli 
Uttd  PatiglJMUj.  Ciitri)<»i4(er  <iu<l  Klrke^*,  and  TruM  uud  ftcicucw;  iintl,  ^ 
B<ji%'tuii^Q,  aud  v.'t  u-..  !.ihl|^;•ll.,^ii^  Jv  \A,iri'  PmIimu  *.l  ,  mere  conipll,,' 
Ihe  iK^d  of  II  'i.  I  li.ni*  ..i 

In  tliflimpori  i  k  I  eatperisi 

almpJIcUy  auJ  griipliiciji.'h*  gt'  ijL--si|^u,  gr  rlf^^uucc  of 
arlliktlc  execoltua. — Chietigo  MM,  Rramfner, 

lo  calling  uttptitlun  to  lh«?  recent  puljUaUion  of  th<i 
third  edJthm  of  Ibis  book^  it  will  ouly  be  noci'Mfitti-y 
»o  »4iy  ilmtUntUlnBall  the  mvrU'*niKreMfrIUil1v  lb** 

aamc  plan  of  the  •'^■'  *'■-<•" * "^,   ^^"^'    "iirb 

giTerv  AmericHti  til  ily 

albar     Thedi>ii  <? 

t^'xt  all   the  Imputi-.-i   ..,....■,,,,- ^i-    ..,,-. .Iml 

p^iV'^iiiloKy  and  fuibrycilagy  witicb  liavu  itpj;*^>ti'^ 
daiiiK  like  lit-^i  (hrw  vears. — SttHon  Mtvi.  ami  Surg. 

Tbe  armnj^rm^^ut  ^f  llie  work  In  eiceelloal.  The 
fiirtu  rinri  rltfifri<*^  ^iit  forward  in  U  nr^  lirfMjgbt  np  to 
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oTtoelleut  tre.^ti' 
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HAiae  lline  tuatil 
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jyUyGLlSON  {ROBLEV].  3LD,, 

Pr*>f*Ji9or  of  r>ntttttit*^Jt  of  Mtrttft^iuif  (n  Jff^mn  Mfdk^I  fSAUg*,  Fhitadtlphla, 

nUMAX  PIIYSTOLOGY.     Eighth  edition.     Thoroujrhly  t^vffie^l 

exteojitvety  tnr>di6ed  nnd  enlargod,  with  five  hundred  and  thirty-two  Utii»tratlgnf.     In  ' 
large  and  handsomelj  printed  octavo  volumea  of  about  15(11)  pagiw,  extra  olotki«     $7  00. 


TEHMANN  {a  G.] 


pnYSIOLOGICAL  CHEMISTRY.  Translated  from  the  sroond  edi- 
tion by  G  BOKO  It  E  Day,  M.  D  ,  F.  R.  S.,  &o..  edited  by  11.  E.  Roi^ehs,  M.  I>  .  Pruft.  -r  of 
Chemistry  in  the  Medical  Department  of  the  Univerj*ity  of  Penn^yirania,  wit?]  ^ 

•elected  from  Funke's  Atlas  of  Physiol  ogi  a  a]  Chemi'try,  and  an  Appiendix  of  pi 
plet«  in  t\v<»  largo  aud  handiome  ooiav'o  volumee,  containing  1200  pa^ed,  with  nt^rlj  tw0 
bandred  iHustrations,  extra  olutb.     |6  00. 

J^Y  THE  SAME  AUTHOR,  ^^— 

MANI^\L  OF  CHEMICAL  PHYSIOLOGY.    Tr.n.i.i..i   rv 

German,  with  Notea  and  Addition*,  by  J    CiiX8TO!i  Monnifl.  " 

Ef?*ay  on  Vital  Force,  by  Professor  Savugl  Jackbojt,  M.  Ik,  <  [\ 

Tnnia.     With  iltui^tratioiis  on  wood.     In  oca  very  handsome  i>tit*vv  ¥«4ciui«  oi  ^d 
extra  cloth.     $2  25. 


jyRANDE  (  WM.  rOi  ^^  ^'^M  ^^^   T^  FLOE  {ALFRED  &),  M.D.,  RR.S. 
CHEMISTRY.    In  one  handsome  Bro.  voL    {New  and  revised  edition. 

In  pte^t  for  early  yiiliiicaliQn*) 


rt^  ]  Xhf  cVnrpst,  uTTil  mn«i  pra^-rtml  ttrnt  t^n  t»e  put  In  lb9 
1    ^  ■'■■■■,'•,';   .fitnntnl, 

idCtN    Ortl  to  J 

•  rly  mnino*»f  I 

til   •  .  i^ilh   U*  pN'ti^'liif  ' 

full  i  II  ilmsf*  for  whota 

a  li-  ihi.'ii.l.'il,  liiii.  Ti'lhr  iif"r*''.-i..ii  n.tUrgi',— 0^*i«fM 

vr<t  haro  r  r  a  \ong  Hm«  fell  th«t  the  iirvptimifoa 

!h#  m.iil  »iiirdy,  c  si  ,,  j,,^,  |^„^^  ,.*  hook  oow  bAfuitJ 

V.  .^Uy  recommeuil  tlii*  work  a«  ode  of  I /uui-ftai. 


l^fr.nnut 


pel 


j{l    r^mpnrf  r^^^• 


xi-buitk  CDUieN  Into  com* 


no  JVMA.V  (JOHN  E,),  M.  D, 


PRACTICAL  nANPBOOK  OF  ^fEDTCAL  CHEMTSTRT.    Edited 

by  C.  Ij«  Bl.Q3Cam^  Proffff^sor  of  Pra*?tiej>l  Chemi^lrv  in  King's  CoIlei»e.  London.  Fourth 
Amencan.  from  the  fourth  ttnH  revij^ed  Kngibb  Edition^  In  one  aoat  volume,  rojAl  12mo.^, 
7»p.  351,  with  nuuaroua  illustrdUoTitfT  extra  cloth.     \2  25. 


'r ' 


hfloti  0f  tb^^ 


CMmpilittltJ  with  lilt"  i 
work.  41   tl)*  vulfji 
wbklii  ha  TO  comi«  t^ 
w»*  prijitfd.     Titi*  V 
«tuJ<*Ut  of  mAfiScino  'I 
Id  prlal<»d   Ui  v\v^v    t>p4>. 


t'Txe-bitok  of        Tho  ni«diial 


•  Uml  In  t»<no- 
M«Ui?hl  d«ni?n 
IS  fur  HA  w«.K 

.  riH  of    HMfh    I* 

the   M^Mict* 
'i  Itmt!  udUlon 
\\\pi  to  firenr 
Htlilnnftr     It 
.ikiU  lIk.%   iiliithnlkmi  Are 


»}»preci*tk'd   fr' 

lu"*inic(liMi  for  I  i 

wrin*!,  btuo(ht)Kl  ujUk  1  y 

And  morbid,  nro  %c<  ' 

ft>r  the  d<>^'..ti<tu  .if  5'  '  l 

el«^  nnd  v-r,     Tbl«    1  s    li!i« 

biACiil  th<er'  ^d   by  lhf>  r  1  i      i<<ilfbl 

aft  To  Ibo  iHvn^t^ul  iiiMle  of  j*rAclUiil  mi)dicii»i  «;li«»uiiUU7« 
— i*itcijic  Mid,  and  Surg.  J^mnmL 


mr  TOB  SAMS  AirraoB, 
INTRODUCTION   TO   PRACTICAL  CHEMISTRY,  INCLITDINa'^ 

ANALYSIS^     Fnarth  Amerioftt*,  fruiu  lh«  fifth  rind  revised  London  &diti<m.     With  numer- 
oiu  iUiietrotionfl.     Jn  one  neat  vol.,  royiU  \2mo.t  extra,  ciloth.     $2  25.     {Ju*i  I$$%itul.) 

Onenf  |li<»  modt  cuopk'le  louDUjitH  thai  h»K  fpf  »    r^ry  JisJifTi.iHl y  r-lrnj-Iin-^l  )-'\>  -utii-rl-'  ind  i:Tiviru- 
long    lime  beeu   fiveu    to  ibe   luodical    itudeat, —    tb  ii  n 

V«  n*{f«fd  tt*«  rpullntiiff  almont  ernryililn,'  to  bf-     I'  11 

denlrftd  In  an  lult-oiliirtbiu  to  PrA«ti<  * 

J I  ifc  by  far  tlio  b**!  iid««j>t«id  f«r  ih.'  Tit. 
©f  »ny  HiM-l  liK£  ypt  lall<?o  In   uui- way.-  ^  .„.    . 
Fitrtiffn  Mfidico-Chtrurgiiml  Rtffti4:$o, 

T^jrt  b<»i,i  iiri{r'vl«»riorv  work  on  tU«  A||bJ<*fit  Willi 
wtj     '  vA*^,~-Bdinhurgh  MtmthSy^imr. 

I  or  fnuunal,  la  dmlgurd  oape* 

ebi  1  Wilb  iLia  rlcw  the  MUtber  lias 


B«iri«rat  VftluaM 

t<>  rnridM'  th«  v,  <  r 

of  stttli;  anil  a»  miclt  wu  cumuieuLl  u  lu  Lbcm.— 3'^ 


QRABAM  [THOMAS],  F.E.S. 


THE   ELEMENTS   OF   INORGANIC   CHE^HSTRY,  ineliidmrr  fhol 

Applicntionip  of  the  ScionoH  10  tho  Art*-  New  and  much  enlnT|j;cd  edition,  by  ilFNnri 
^Vatts  iind  RofiKitT  BrtiuoKJi,  M.  D,  Complete  in  one  large  and  handsoino  ooiaxo  voliini«|  j 
of  over  800  very  h^rge  pagM,  with  two  hundrod  and  thirty-two  wt>od>oatA,  extra,  clothil 
$5  50. 

P&rl.  II.,  eampkting  tlie  work  ttftm  p.  431  i6  end,  with  Index,  TIblo  Matter,  Ao.,  mny  be  h&d 
sepurate,  cloth  hooka  and  paper  stdea.     Prioe  $3  00. 


JBhnn  Prf>/.  S.  If,  Hori^/nrd,  Harvard  Coikfft:,         I 
ft  ba*»  lu  It*  earlier  and  lf»»  pprf^t  *dltfonii,  been  1 
filjijllliir  to  tiie,  and  tht*  fixc«l\e'nef-  of  iXn  pUn,  and 
tlie  cleura«'««  and  eomp}(^f«>tie»ia  of  Ua  dL»caa»ion8, 
bare  lonnc  b«nn  my  aiimi ration. 
5o  readoc  of  EagUish  workt  oa  this  ulencQ  eaa 


alTord  to  h«  withnnt  tblit  fdltlfrn  Af  Prof.  Qrahim*! 
m^mBtHH,—fi{U(mftn*4  Jtmmal,  March.  1S3S» 

lytnn  Pro/,  Wolcntl  ffCW**,  N.  T.  Frw  Antidrmy. 

Tht)  work  m  an  admtrtiblo  on«i  tti  all  renyttoviH^  Anji] 
Itft  ropnbUcaUon  h^^r^  cftDOOt  (aU  lo  exert  a  pii»illTt| 
iiLd il*:iico  ayuu  the  pru^sa  ufscLouce  ia  tUucuuntryfll 


POWXES  {GEORGE),  Ph.  D. 
A  MANUAL  OF  ELEMENTARY  CHEMISTRY;   Theorelioal 

Practical.    With  one  hundred  nnd  ninety -WTen  illustratMma.    Etlitecl  br  Eouki      T* 
M.  D.     In  one  large  rtijal  I2mo.  volame,  of(}OI>  pugea,  eztrik  clothe  1^200;  Ir- 
We  km*w  of  ou  troi&Ue^  to  Iha  langanj^e  «o  wr*ll  \      We  knttvr  of  t-,,,,^,.  i^m.i,.   *\...  .,  .v 

cft)cii]jtK'd  lo  &ld  the  titadetit  tu  li^irumltig  fAmihur    h4i.n  Ititftier  cIjii 

wlfli  Hie  tititnvrouii  f»ci*  In  the  Intrinsic  scteocc  au     hook,  notb  f* 

Tirlillch    lit    trOiilA,    or    "r,>-.     l,..rri.r     r.,  I,mJ:,I,.J    j^U     0,    t^xl- 

liouik  for  th owe  ittlf-i  'arm.  •  *  •  » 

Thn  bo«t  toxi-book  iiiiiiMiiod  froia 

wur  fr«it«. — jlwn?ricaT* -. f^ 


We  iigain  moal  cheerfully  rwommpud  U  nii  Ihe 
lie^il  tcxi'boQk  for  Ktadent^tu  nttendAucr  npOD  nhi*in- 
Wa\  lecluroit  that  we  bave  y?t  ex«taiuod.~/M.  cttid 
/nif ,  jITa/,  and  S'firg,  Jaurnnl, 

A  nrnf^fAti!  wiirk  npon  a  flreUraUi  «n1»J«;t.— iSC. 
J^nuiji  J/«il  rtn<l  Surg,  JoumnL 

Ko  TiifttiuAl  of  ChemlMiry  whitih  we  h»r«  met 
irwrfcm  ^otirwaf  o/  MtdicUit  and  fiurgrry, 


raogtiijieiiL — ^i..^ — .  ,., —  ,,.  ,  .-,  

We  know  of  no  tet:l'book  oo  «b»iiktttry  thkt  v« 
wnnid  BQOuer  r(>c<>uiiueud  Iw  lh»  atudetii  tli4.K  rLka 
eiUlbm  ef  Prof.  Fowmw'  work*— Jrof^rwo/  JTniiaal 

.\  n«iirnnrf  rtirlPt.-4  <«dUloD  ofan^  <»f ihf  V(ia*l#ii«». 


deQf«.— .V,  ir 


dm^UmI  in* 


ABEL  AND  BLOXAM'S  HANDBOflK  OF  CHEMTIS-    KWAPP'S  TKCHNOLoGT  .  nr  Hi^mi^rr-r  Am.JUit» 


TliT,  Thenr«tio&l,  PrMctictil,  »ik1  IVrhnlcal     Willi 
fr  reoommeDdAtory  Prefiictf.  bj  Dr.   lli'i  iuajk.     la 

O&ft  lurg«    OClHTQ  VOlultiO   iif  tt(tS2   plL|{tf«j   wiUi    lilll** 

tmUoiiw,  BXlm  cloth.  iN  ^0 
GARIiKEKH  MEDICAL  CHEMISTRY,  for  the  (Jwi  of 
SladeatA,  and  (h^  ProfeMidua.    la  oae  ruy»J  IXmo. 
Tutum«,   Willi    wood-cuu;  pp.  3iKf,  iaElr&  eloilt^ 
$1  UO. 


KoNAL!^.  an- J   In 

1<J4II    I  • 
abotit  I 


JpAEEISH  {EDWARD), 

PrtjffMMor  o/  mUtrift  Median  In  (hti  fhtlnittlphUi  CfiOrge  o/  PharmaCff. 

A  TREATISE  ON  PHARMACY.     De.sf«nr»ed  as  a  Text-BonV  fur  tTiA 

Student,  and  as  a  Guide  for  the  Phytriiiiti  and  PhnrmacoutisL      With  umnj  Y  -x 

Preftcriptionsi,     Third  Edition,  greatly  iiiiprov«d.     I u  one  hAiidBome  octavo  ton  t- 

pages,  with  (aeverAl  btindred  illu^itrfltioDf,  extra  cloth,     %h  UU, 
Thd  rapid  progress  matie  in  the  f cienca  and  art  of  Pharmacy,  and  th»  qlaqj  ohftnees  In  tb*  Tift 
edition  of  the  Pharmftcopceia  have  required  a  very  thorou^'h  revision  of  t^is  work  to  r-n 
worthy  the  continued  confidence  with  which  it  bai?  horeiofore  been  fuvored.     In  mf^tt^i 
many  portiona  have  been  condensed,  and  every  effort  hae  been  made  to  avoid  iocw»»MiM  - 
the  hulk  ofth*  Toluuie,  yet,  notwithstjindiiig  thw,  it  will  be  found  enlnrged  by  about  - 
and  fiit'ty  pages.     The  author^a  aim  bos  been  to  prt^ent  in  a  clear  and  eom]»endioaa  n^..  < 
thijig  of  T&lue  to  the  prescnber  and  dispenser  of  medicines,  and  the  work,  it  i^  bope>d,  **iil  Lc  ftau  1 
more  than  ever  a  complete  book  of  reference  and  text-book.  Indi^pun^nble  to  tUI  tfho  df#tre  to  ke«p 
on  a  tevel  with  the  adranee  of  knowIedfc«<^(>Tinected  with  tbeir  prufessiou. 

The  immense  amount  of  pmcticai  information  condensed  in  its  pa^^es  may  he  ^^i 
the  fact  that  the  Index  contains  about  4700  itema.      tJuder  the  head  of  Acids  thure  u  > 
«iicea ;  under  Empla^truw,  M\  Extraet^^  l&S;  Losenge«p  25  ^  MiittaT«e,  55  j  PiU£,  ^tl ,  ^i^^\ 
131;  TinctnreB,  138;  Unguentum,  57,  Ac, 


We  hare  tiXAinlD'P'l    '  '    "  volnnie  with  a  g^aod 

deal  uf  fftffl,  uud  flf  '  ihur  ha*  OMiiipl#»leIy 

eKhAnnt^  Lb«»  KubJ'M  u  be  trt«Htrt  ;  a  more 

eomplele  work»  w*?  tnirjK,  ii  wutd  be  Jraipi!n»i*tble  to 
flad.  To  tlie  atadonl  of  phArmkcy  th^  work  i>^  Indian 
peu«>iti)n;  indeed,  ho  fftra*  wr>  know,  li  \*  Mn«only  ou? 
of  ltd  k\&d  In  exinlenee,  aed  nven  to  ihe  |>hyAle)an  or 
nitfdlcHl  Mtudent  wliu  cmi  vpere  tvc  dolUrB  to  pur- 
cUkho  ti,  wu  fiwl  nure  tbe  pn^ctical  Lufornjiitlao  ho 
will  obtaiti  will  rnore  tlinn  ootopenuile  him  far  the 
oatlMy.— -CiiiiKMla  Med.  Jcmrnttl^  Kov.  IWW. 

Thf  medical  ttadeat  and  the  praciiitliig  phyBlrfnn 
will  flod  the  toIdhio  of  lD««lloaable  worth  for  ittidy 
and  refereace.— <6ifin  Ft-ant^i^eo  Med.  rrf^»,  July, 
lS0i. 

WhpB  we  Bay  that  Ihla  bf^ok  U  in  nome  retpeete 
the  bet*t  whteb  baa  beeu  pobtiMhed  oe  thu  aubject  Id 
the  EugUwh  langua^*^  f  i-  ^  L'r,.iii  manv  yeikT^  we  do 
nor  whb   it  to  be  n  ■  eXtravA^tit 

prul«e.     Id  trntUt  ii  *  be«t   a»  the 

tialy  book. — The  Lou  -    ..         ....::  .W  iv«. 

An  attempt  to  fumUh  anything  like  an  analynU  ef 
PafTt*ih'»  vnry  Talnnbl**  and  aliiborafe  JV^sntlMt  &n 
Prutiifnl  Phnrmnc)/  '  '  '  ,i5ro  more  spafie  tbaa 
wo  hnvin  at  oar  (lli'-f  li.iw«»F**r,  \t<  not  no 

m'n^Tf   w   n>nUfr  of  .;  ■  ''xh  i\-^  It    WMotd   tie 

di""'      ■■   '     '■  i.:ik  of  iiuv  Y"\\iv.  ;'i-  V  .  ,'    '  '      ■  'm! 

a  viiil,  CMOii.rcted  wi  n 

01  ^  uiic  «Qb«tance»or  ivi  ,  '.^i> 


not  been  c!f  arly  and 
ume.     Wwiii  <if  sfmr. 


,  your.  fiT  AT 


W,;  1,,  v.-  lu  Mi^MtM.^  tiu.l  ' 
pobtrliiji  uf  tttiiirtiiHO*<iitlrnl 
rulifd  .Sfii(e«  ;  .iiid   U  -h 
frtfoiidn  hhve  ^wn  >)" 
«!dei-ntlt»if,  iiud  buTc  < 
perffKJtloD    whlf'L,  v^^ 
pasited  anywb'  I 
direct  ralu**  lu 
ct«D  ;  yet  Mr. 
matter  lo   wbl 
tnterciKteda*  M 
cIa«loD,  we  can 

TUlnfi!  of  this  WotU  elf  II    ^U 

aod  in  many  re«{Mr<«u  lc»  tl, 
4ni«>rica,  bat  lo  -"tber  par: 
Af«/.  Jimrntil,  Not.  12lh,  160  L 


The  f^^nnrT  HM^ti 


h%T«i  >Mfen   a^flefe^ti^J 


to   will  I'll    I  UK'   "iMilrl-r.   I  II,'      I   ' 

curycftn  h»Te  aeceia.— CA. 


QEJFFITH  (ROBERT  E.),  M,D. 

A  UNIVERSAL  FORMULARY,   Containing  the  Mothods  of  Pre- 

psrioff  and  AdroiniFtering  OflTu-hml  RTid  other  Mc^dirinei^.     The  whole  &dapte'd  t-o  Phyaiciani 
■tnd  PlianniiC'catist8.     Second  edition,  thorotighly  revified,  with  ntimeroui^  ndditton^,  by 
RoBKRT  P;  Thomas,  M,D.,  Profewor  of  Mftteriii  M&dic?*  id  the  PhiliwlelphU  College  of 
Pharmacy.     In  one  large  ii.nd  hundiBome   CKtiaTO  Tolome  of  050  pkgvs,  doable-columtia. 
Extra  cloth,  $4  00 ;  leather,  $5  00. 
In  thii  volume,  the  Formulary  propfr  occnpios  over  400  doubl^-crdnmn  pages,  and  contnms 
about  5000  formalas,  among  which,  bMides  those  strictly  medieal,  will  be  found  DumeronB  YRluuble 
reeeipts  for  the  prepamiion  of  e^ifieneei,  perfnui^p,  ink.<t,  Aoa]p!<,  rarnbhe?,  Ao.  ka.     In  additiim  to 
this,  the  work  contains  a  vast  amount  of  information  indii^pen^able  for  daily  referenoe  by  the  prac- 
tising physician  and  apothecary,  embracing  Tables  of  Weights  and  Measnrpg,  Specific  Qravitv, 
Temperature  for  Pbarmiweutinil  Of>eration8,  Hydrornetriontl  Equivalents,  S]>eeific  Grii^itiei^  of  ^orae 
of  the  PrB|>»rations  of  the  Phannrwopoeinjs,  RelAtian  between  different  Tbermoroetrical  Scalf^.s, 
Explanation  of  AbbreTiations  ufti*d  in  FormaliB,  Vocabulary  of  Wordu  iig«d  in  Prescriptions,  Ob- 
serriitiona  on  the  Management  of  the  Sick  RonuL,  Doses  of  Medioin*^  Rulea  for  the  Arlministnition 
of  Me<liciiiea«  Management  of  Convalescence  Mid  Relftpees,  Dietetic  Pre(>arations  not  included  in 
the  Ponnulftry,  Liflt  of  IncompJitihl«^i^%  Posologioal  Table,  Table  of  Pbi^rmuoeuiical  Names  which 
dilTer  in  the  Pharmacoposina,  Officinal  Preparationa  and  Directions,  and  Pojsons. 

Three  complete  and  extended  Indexes  render  the  work  espeoially  adapted  for  immediate  consnl- 
tatioQ.  One,  of  Diiiikabes  akd  thsir  Eekbdibs,  present^  under  the  head  of  each  diseoite  the 
remedial  agents  which  have  been  u»ef ully  exhil>it«d  in  it,  with  reference  to  the  formulas  containing 
them — wbiie  another  of  Pharmaceutical  iiJid  BaTAWiCAL  Nambs,  and  a  very  thortmgh  Gfneral 
I»iiEX  afford  the  means  of  obtaining  nt  once  any  information  dcaired.  The  Formulary  itself  is 
arranged  alphabetically,  under  the  heads  of  the  leading  eonstitnenta  of  the  presoriptiooi. 

Thi#  In  one  of  tbe  mo*t  w«<ffnl  bonkn  for  the  prac- 
Utiifif  fthf  riciiin  which  huj;  bipfra  t^vupd  frnm  t.h(»  pr<<n4 
Af  lata  y<^."*fB.  coatalnUtft  a  va-^i  Tnrl*»ty  »f  fivrmnUq 


f«>r  the  AAfiT*  tind  cotivenii^Dt  atlirtlul^trivtioD  of  m^A\- 
ciaet,  all  urraDged  upuo  jKcieatlCc  and  rutioaal  pria- 
eiplei*  with  the  quiintitb*^^  Mated  in  Inl!,  wuhont 
Slgna  or  abbreTlatiuDH. — MK-mphi^t  Mml.  RtconUr. 


We  know  of  none  la  our  labgnage,  or  any  other, 
eomprebeuKlve  lit  lt»  il^tfclls.— Lomirm  Lanc^, 


One  oftbe  moKt  complete  worku  of  the  kind  la  aoy 
langnage. — Edinbiirgh  Med.  Jovmat, 

We  are  n^t  cognUanl  of  the  exteteaoe  of  a  tisrallet 
work. — London  MecL  OatMe. 


aTILLE  (ALFRED),  M.D., 

^"^  Pr**ffJt9frr  f/  Thrftr]!  nnd  Prnt^iiv,  of  Mfdi*Hn.f.  in  th*  Unftfrnritif  nf  Penntt. 

THERAPEUTICS  AND  MATP]RIA  MEDICA;  a  Systematic  Treatise 

nn  the  Aclicm  and  Une?  of  Medicinal  Agent*,  including  their  Description  and  History, 

Third  edition,  revis(*d  and  enlarged.     In  two  large  and  bumljome  octavo  volumes.     {Pr^- 

pnritig^  for  t&rty  pnbiifation,) 

Dr.  Stllll^'*  Hpiendtd  w*»rk  on  ihempontie*  and  ma- 1      We  have  plaeed  first  on  the  llil  Dr.  Stl11e*s  great 

terift  ntodica,— /H>N4i^m  Mtd,  Tinuut^  April  6,  \^^.       \  wnrkoa  therspeutle*.-*£</£a&ur^^  Jfec^./t/ura.,  IS65. 


J^LLTS  [BEXJAMLV).  M,D. 

THE  MEDICAL  FORMULARY:  being  a  CollGction  of  Prescriptions 

derlve<l  from  the  writings  and  practice  of  mnny  of  the  mo."t  eminent  phydiciftne  of  America 
and  Eoroj««.  Together  with  the  asaal  Dipteitic  PreparntionH  and  Antid'des  for  Pf»i/<t»nf!.  To 
which  i ft  abided  an  ApfM}ndix,  on  the  Endennic  U!*e  of  Meiliclnfii^,  and  on  the  use  f>f  Ether 
end  Chloroform.  Thtj  whole  accompanied  with  a  few  brief  Pbarraaceatic  and  Medical  Ob- 
servations. Eleventh  edition,  carefully  revised  and  miach  extended  by  RoaKliT  P.  TfiouAS, 
M.D.J  Professor  of  Materia  Medica  in  the  Philadelphia  College  o'f  Pharmacy.  In  one 
Tolnme  8vo.,  of  about  S50  pagee.     $'^  00, 

freqaeoily  noticed  la  tbU  Jonrnal  as  the  snecnMiiive 
editi^D«  nppeMrtMl,  thitt  it  Is  «nfflclc*at^  on  th^;  pfi^xrnt 
oocmmIuo,  tu  iHtattf  tliAt  th(9  editor  tiait  iutroducti'tl  into 


We  endonw  tbe  farnrnblp  <f?plBloQ  which  the  boiik 
baRAo  lon^eMtahlUbed  for  It^+'lf,  and  take  thlBOcca- 
aioD  to  comronnd  it  to  our  rpiiiier»  aw  one  of  tbe*  con- 
ileat  hsadheokA  of  the  ofllce  aad  library.— (7itm- 
11  Ltxnevt,  Feb.  166jL 


The  work  has  long  been  before  the  profV*Mfon.  and 
Its  merits  are  well  known.  The  prcm^nt  fditton  coa- 
tato*  maoy  valuable  additions,  and  wH]  bs  forind  to 
b«  an  •xce^'dlniily  convfiiileat  and  o^idful  volnme  for 
reference  by  the  medical  rractilioaor.  —  CAieaj^o 
Jfr^Htal  Exnmtner,  March,  18.04. 

The  work  I*  now  so  well  koown,  «nd  has  been  so 


the  eloTftnth  pdltton  a  larg»  am 

derlT^d  frijio  Ih*^  carrent  medical  t 

work#,  ai  wt»1l  uk  a  numbor  of  vii  i 

farnfphed  from  private  notircna.     a  >,  i 

Htvf^and  f*Ttlr<*mr.ly  usefnl  indox  baa  h; 

plied,   which  fwiliUit***  rr-ft^rtMiice  to  <i  r 

article  the  prcitcrtber  may  wii»b  tu  aditn.L  -i'  .  ,  .«.'4 

the  laaginijcf]  of  the  FiJrtunlury  haw  b<»fltj  iokiIh  to  cof- 

re«poDd  wirh  tbcs  nomeuctaturo  of  tb<«  new  natlniMd 

Phartnaeo|)<Bla. — Am.  Jour,  ifetf.  Soitwx*^  Jan,  1S61. 


TJUNGLISON  (HOBLEY),  M.D., 
GENERAL  THERAPEUTICS  AND  MATERIA  MEDICA;  adapted 

for  a  Medical  Text-Book.     With  Indexes  of  Remedies  and  of  Diseii^ea  and  their  Remediee*, 
Sixth  edition,  revised  and  inijjroved.    With  one  hundred  and  ninety-three  illustrations.    In 
two  targe  and  handsomely  printed  ootavo  vols*  of  about  1100  pages,  extra  oloth.     $6  50. 
»r  THE  SAME  AUTHOR.  

]SEW  REMEDIES,  WITH   FORMULAE  FOR  THEIR  PREPARA* 

TION  AND  ADMINISTRATION.     Seventh  «?4litlon,  with  extensive  additions.     In  one 
yaij  large  octavo  volome  of  770  pagef,  extra  cloth.     $4  00. 


14       JIbnry  C.  Lea's  Publtcattons — (Mat.  Med, and  Hieraf^etiticMy 


T>  ERE  IRA  (JONATHAN),  M.D,,  KILS,  and  L.S, 

MATEUTA   MEPTCA   AND  THERAPEUTICS;   btfnir  nn  AM^ls^ 

tnenl  of  the  lat«  Dr.  Pereirn**  EleinpnU  of  Mnterin  Medics,  arriinL*' 
the  Bntij!ib  Pbartuaoop<i.M)i,  and  adnpted  to  th«  uf^e  of  MedicMl  Praeti 
DrU);|(i6ta,  Medicnl  nnd  PbarmnceuticAl  StudenU,  Ac.     £jr  P.  J.   i 
Phyjiician  to  St.  Bartholomew's  Uojipilat,  and  London  Editor  of  tlip  l: 
Mjcffisted  by  Robert  Bkntvkt,  M.RX.S.,  Profen^nr  of  MAi«rm  Medi 
Pbiirpmc^utical  Society  of  Great  BrilalUf  nod  by  Robert  Warijiotu.s,  IMt^.,  th^Mi 
Operator  to  tfa«  Society  of  Apothecaries^     With  numeroaa  additionB  aod  ref»r«nc««  to  th 
United  Stat«9  Pbarina^^opcpia,  by  HotiATiir  C.  Wuon.  M,D.,  Prof-PMor  of  Boiaoy  in  ik 
Unirernity  of  PeDnsylvnuiiu      lo  one  large  iind  bnodi^nme  ocluvo  vrtjunitf  tif  1040  cJatfrnXj 
printed  pagen,  witb  236  i11a«tratioii9»  extra  cktb,  $7  00;   leather,   raised  banda,  $tt  ^m 
{Jit ft  /jr#ii<S,) 
The  ta^k  of  the  Arooricao  editor  ban  cridenUj  be«n  t  |M»ta,  TiAne  wlH  h^  mnr**  ««<Mt7>UH«»  Ia  tM  iHu 

no  wlTtocurc,  for  doI  ooly  baft  be  flven  in  u*i  nil  tbat    au  " 

lit  coulMned  to  the  ftbrid/4;n]ent  UAeful   fir  onr  pnr-  '  M' 

]>iiYAfi9^  bnt  by  a  cArpftil  nmj  JucticioaH  (^n>l>*»'Hm*»M«  of    V; 

of  lb«  furiiier  work  fnlly  otie-lhtrd,  l- 

\y<^       ■■     •    ■    i.'ly  "ifty  tlut  by  ♦<i:.  .'  .,-.   {..r«.i- 

S»f  ■  i«»u*i'J  the  vfthi''.  '■  cmD- 

ill  ,  hut  hn>!i  exteudeil  Lltyof 

th<»  Ki'  -^i  vrri«itial,  and  ban  pljiceii  uit  lur  iiir»»  tifniB- 
try  mod  nodivr  U^llug  oblifationa  to  biro.  TLe  Ant^o- 
riritu  jibyaidau  qow  ha<i  all  lUal  l«  u^^?iled  lb  thf 
•bape  of  a  coinplota  tre^tU^  od  materia  iii<>d1cA»  aud 
t*ie  medical  «tiideut  haa  a  text-book  vrLith,  for  prue- 
|ic»t  mlJIlfTfind  ^nrriui^ic  wcfTtlu  sland*  ont>i!inille!«sJ 


msiRl  fftqitlrt'd 

Hull 


Altbimg)      ■            '   I  iMe  tlie,  it  i  ■  rife  fur 

Iheptirp                        >  11  ha»  b«<et]  >  i  v-rery 

Jliedkal                         .  in  Jo-ttcp  '  -Hro  m 

placi?  for  11  'ii|M.)i  lilt,  Jmok-'-T-  ''  '     '   'f 

the  more  he  couaaltfr  H  tbn  ^ 
of  Its  excel! eiKe.^A";  T,  Hi 

Tt  vJM  flll  a  plare  wbSr-h  nw  othoi  iv.u 
lo  the  JiSmry  uf  tlie  pl»yHl{:iua,  i^tudrdr 
Ciiry. — B'ntttm  Mtd.ttnd  Surff.  JutirnnI, 

We  bare  here  rre*etited,  Iti  H  volume  of  a  tbounand 
pri45fiii»,  thai  which  wo  »lncert»ly  bellcTe  the  b<p*i  work 
Oo  iiiiafctta  mcdica  iu  the  EDgTi«>h  biLt^nttire  Jfo  phy- 
»1clai]>  tifj  tnedicnl  j^tncleiit,  ran  purcUai*^  this  lunikt  i  un 
and  mnkc  anythiij|  like  a  proper  u*.c  i-f  it,  without  l<'  ( 
1«<rlii^aiot>ly  rVwHided  for  hin  outlay.— T^w  C'iMof/*- 
Tio/i  Jiiftrital  ft/  Mi-jinHne^  XoTombi^r.  IstVi. 

The  AtnerieaDodlturtaD  very  Juiilly  j«»y,lhoti»  that 
**bU  iifrte**  bftM  b^»t'n  DO  i!!ln**eor<K."  The  rewnlrt  how- 
ever, of  the  bibor!P  of  the  dStforeut  geutletuen  eDipi|rii*d  ! 


pe„ 

very   ■  K' 

MctLJou 

The  r»'ii 

I  with  the  ■ 

of  (K'arlv  ; 


lit. 


Th. 

ha4»d^o)ii' 
iralid.  t^ 
cJearly  lih]<. 


on  the  \rork  has  been  to  ,ifiTe  Uft  a  eomfini.'JIiuii   tfirnt 

1«  admirably  adnplod  Tar  the  WEintA  ani)  I 

Ibo  tlndent      Wo  willingly  c^oiotnle  to  i' 

editor  that  we  havM  rarely  fxiimuj.  d  a 

the  whote,  is  nmre  rrtrefuUy  aoil 

Ibaii  tida;  or,  wh  hjhv  udd,  thai  i 

the  procetia  of  edlliug. — NfW  Yon, 

I>eeeml>or,  J&tfti.  j 

or  ihe  mnay  work^^  on  Materia  Med  lea  which  ^ave 
appeared  since  Lbe  isiaaiug  of  the  £»ritiab  Pbartnueo'  I 


used  MTl  1 1 
oaUoim.—  - 


c 


ARSON  (JOSEPfT),  M.D., 

Prt^Mtmtr  o/  Matrrift  .\f*idif*t  ovd  Pharmnry  in  the  Vnivf^sitit  **f  PfnrMj/hvrnfn ,  *<♦. 

SYNOPSIS  OF  THK   COUP^SE  OF   LECTURES   ON   MATrnTJ 

MEPICA  AND  PHARMACY,  delivered  in  the  University  of  Pennsylvania.. 
LeciurPB  od  the  Modua  Qper&udi  of  Medicinea.    Foarih  and  reviaed  editiuQ.     {: 


KOYLE'S  MATERIA  STEDICA  AND  THERAPEtT- 
Tti's;  LucluiinciiK  the  PreparatSouff  of  tiie  Pharina- 
eopu'liM  of  Loodttn,  Edinburgh,  Dubllo^  and  I'f  the 
Uulted  Bt«,tea.  With  iriany  uew  niedieiDtta.  Edited 
by  Ja^KpH  CAAiiOjr,  M  D.  WUh  tihietyH^iitbl  liloi^* 
tr<<(lourf.  Iu  ouo  lart^e  octavo  volmne  of  about  TOO 
pagea,  extra  cloth.     fJ  00, 

CHHISTTSON'B  T)mPEN8AT0RY;  or,  Comxfjttaet 
on  tbe  Pbarr  >  T  Great  Brtlaln  and  tlie 

TTnited   8tat^  u^  the   Natural   IJi«tory, 

l>e*crlptioii.  Pharinaey,  Actloni!,  UtcB, 

a  ad  l>ijt4et«  of  in.>  Arnrles  of  the  Materia  Medlea- 
Becoiid  edItlOD,  re  vised  and  ImproA-ed,  with  a  Su|>- 
pleiaent  cuDialuiing  the  loust  huportaul  Xew  Herui^ 
die«  With  cnplnuM  addltloun,  and  two  buDdr«d 
add  thirteen  large  wood-eujfravltiff*.  By  B,  Bol*:^- 
FRLU  GarirFiTii,  M.  D.  la  oue  very  handAomo  octavo 
Toluiiie  of  over  IIXK)  pages,  extra  cloib.    #1  00, 


Alcoholic  L:  j 
edkiuu.  wltl. 
HXptunatlouf^ 
Vnluiiit},  pp     3  ; 

BKALEON  THL 

to  5ti5D  AXD  Iji'OT,    in  tiiiit  ki^L  myaA  l*m*M^ 

cluth.     pp.  Hfttl.     fO  Cifnt«. 
Da  JONOH  Ojr  THE  THREE  in2fl>S  Of  COD-LH 

Oil,  with  their  Chtmleal   and  Tberupcutic  l*t* 

j>efllet»      1  veK  l2mo.,  ciuih.     75  cnola, 

MA  Uj 

i: 

C.  - 

Edilv'l. 

u.  s.  r 

one  lliui'j.     -  -:_._^,  _:__'  i^L,  -J:.^ L 


IROSS  (SAMUEL  />.),  M,  2>., 

Prof rH*or  f\f  Surgery  in  the  J^frr^n  Mt^icnl  fSiJffjti  of  Phttadtiphta, 

ELEMENTS    OP    PATHOLOGICAL  ANATOMY.     Third    edition, 

thor"iij;blj  rcTiaetl  and  ^Teni\y  impr«j%ui1.     In  rme  Inrj^e  nad  T»ry  hanrUoroe  octiivo  volauitt 
t»r  neftdy  BOO  pAget,  with  About  three  hundred  and  fitliy  hoivatiful  UlutlrntiuDs^  of  which  a 
large  ntunWr  are  from  original  drawing*  ;  *J£trrw  cloth.     $4  00. 
Th«  very  heantifiil  execntioD  of  thi«  vnlunble  work,  nnd  the  excewlinply  low  price  at  which  it 
i$  off«rotl,  ahoald  commaQd  for  it  a  place  in  the  library  of  every  practiliouor. 

To  the  atiidunl  of  mcdli^JDe  we  would  My  thftt  wo 
Iruoir  of  no  work  which  w&  mn  mt'T^  hit»riily  com- 

M/htt  *itvJ  Sfirff,  Jtrurjittl. 


The  TuluiuecoQitneud^lti^lf  to  the  medical  ttndeat; 
II  will  refwy  a  earefaX  p«raaal,  and  «hoald  ba  upoa 


ton  Jferi.  Jonrntd. 


It  co&tiklot  mqeh  n(>w  matter,  and  bHogn  down  ntif 
kni>w)edfe  of  jialhology  tu  th«  laloHt  porittd. — LtnuJha 


JONES  (a  nAXDFIELD),  KE.S.,  and  SfEVEKmO  [ED,  K),  M.D„ 

AJftMnni  Phfftnrintm  and  LMnrrra  tn.  St.  MnryU  HtntpUal. 

A  MANUAL  OF   PATHOLOGICAL  ANATOMY.     First  Aracricaii 

edition,  revised-     With  thrifCf  hundred  and   ninety  neVen  hnndsome  wood  engravings.     In 
one  large  and  beautifully  printed  cxstayo  volitme  of  nearly  750  pagen,  extra  oloth^  %'6  50. 
Oflr  Ilmlti*<l  »pRce  nlono  rcMtriilim  u>»  frarn  aoticiog  i  iitirj  th<^  mft'^i  rm^'nt  lavt)<tttgiitlana  praHeuti'd  let  titfll* 

eicot  *h'i     ■  '  -ludotit  of  p»tb»ilogy.     Wh  cannot 

at  t)ilj*  ri  ■'  »  formttl  tdiilyils  of  thU  trift^ 


m  '      <i:h  the  variouH  Hvihjoctn  trntit<^d   of  \n 

V.  J  work;  prcj'^^uliijg,  a-*  II  doe-*,  an  oxcol-  I 

1'  'if  the  ex\-<\ai^  *late  of  knowliodgo  In 

rruiii"-)^  in  tiaihgh>g[eal  tiEtatiimy,  we  tiiatiot  t^'ii 
«troTtgly  iifgo  upon  tli«  studt^nt  tho  o ry^*»>4«i t y  «if  u  flin- 
ronifti  «ei4uitliiUac4  wUii  iU  cuutcula. — Jl^iical  £7- 

W<»  huri*  long  had  o^fd  of  a  hnad'hook  of  palhalo-  j 
g1<*»l  AiiAtomy  which  should   tboruiigUI.v  n H' •  t  tS<» 
prMi«a(  ntato  af  th»l  »cieoc^.     In  11j*>  tr 
nil  (hi*  dMid#r)ilum  l»  t^upplifil,    Witl: 
11  mo4vrat«i  oelnra,  WQ  hMVfi  ihe  outlicK - 
d#partin«iit  ut  medical  scieuoe  aceiuTAU-ly  Utifiutid,  ^ 


bUuit  —y.  i\ 

Tr«.  iji,|,Mfi,H-» 


-highly 
'•!j!l  uur  rt'ttdcr*  to 
^  tliey  cuiivuttWully 


B 


N 


OKITAXSKT  {CARL),  M.  D., 

Curttii/rnf  th«  Imprriitl  Pntht/t*>ffioiit  M*t*enm^  ami  Prt^f^mr  tit tht  UnttfertUy  <jf  Viimniu 

MANUAL   OF    PATHOLOGICAL   ANATOMY.      Translated  by 

W.  E.  SwAt.^K,  KtiWARD  SiiiTKKiAO,  C,  IL  MuuRR,  und  G.  E,  DAr,    Four  voluuifs  octavo, 
bound  in  two^  of  about  1200  page«,  extra  ololb.     $7  60. 


OLrOK'S  ATLAS  OF  PATH 
Tranvliitod,  wWh  Notf"< 
LKtDT,  31.  D,     Iti  onM  v+ 
<|UArio,   with   HUO  roppor  jUU' 
colorud,  extra  vlulh.    #1  uu. 


Uj^UIua,    ]}\»iiiX   uui  I        TgilUiuu  \ii  "IV^  y^)^*ia^Ciki,l\k  ttlulL.      fl  ;^i. 


W/^L/Ji/.^  (CHARLES  J,  B.),  M,D., 

Pr^tuKur  of  aUnical  yU.dM^*  in  Untrstrwiiy  Oofleff^,  Ltyndon.  * 

PRINCIPLES  OF  MEDICINE.    An  Elementary  Yicw  of  the  Causes, 

Nature,  Trealtnent,  DiagrnnKia,  and  Prognofi?  of  Disefisc:  with  brief  r<'mftrkpi  on  Hyirienic*^, 
or  the  prepervnlinn  (if  health.     A  new  American,  from  th^  third  and  revised  London  edition, 
la  one  octavo  volume  of  about  500  page«,  extra  objtb.     $3  50« 
The  noequivocAl  favor  whh  wlilch  th1«i  work  \i»*  \     A  tfix^hnok  to  which  ntx  nthor  in  onr  langtiige  It 

conipur«h)f!t, —  (Jlmrt*itt(rti  MM.  J*mn\fiL 

Thp  tt'iigtlifnr'd  hfii*ty(«U  w«  liuTt*  gWt-n  of  Pr  Wll- 
tlMni'*^^*  PrUiclpf^i  of  Mr'dliHiir»  wUl,  we  inixt,  clAtirty 


America  * 

whtoh  ii\ 

i«attQa<i;  '  il 

a**  In  ih#f  !trt  "jf  inidiciue.  — .^V.  L^tuiit  Afft  *tu<i  .Surg. 

Jonrnal. 

7if>  wi>rk  hut  ever  aebiev4»d  or  malatalQed  a  more 
de««rv*)d  repalatfon.—  F'irj^liifa  Mtd.  amt  iSutff. 
Jtmrnnt. 

One  of  the  tic«t  worki  on  the  tabjoot  of  which  it 
lr«ai!»  in  our  Ungaage, 

It  haaM}rf*Hily  cuinin*»ndf^d  H*'*lf  to  thn  high  regard 
of  the  piofcstoo  ;  and  wo   rnny   w<p]\  wwy  that  we 
know  of  no  'iiui;!^  voTam**  thnt  wHt  mriird  ihf  source 
of  %o  lhorou|{h  adrllllag  in  t^r-  prin.t|.l.  -^  i^f  fir.nrir.- 
as   tbia.      Student*    and    ^n 
thcmMfllfe*  Intlnintrly  fnin 
they  will    And  (hi>ir   \nh^" 
repaid. — OintHnnnti  Mfd,  <MiAfrvt.T. 

There  U  no  work  ta  medioiil  llleratiife  which  c» 
ill  the  place  of  tbla  ono.     It  I*  thu  Primrr  of  lh< 
rontif  practltioaer,  the  jKor <m  of  the  •eieatiflc  oae.^ — 
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I 


TflLINT  iAUSTLV),  if.  P., 

J-  Pru/tmear  of  ttm  Princtplea  and  PraHice  of  Jfrdictnt  In  BtUtm*  Xfd.  CfMtjft,  S  T. 

A  TREATISE    ON    THE    PRINCIPLES    AND    PRATTICE   OP 

MEDICINE ;  dedgtted  for  the  u^e  of  Stadents  and  PrAetUlun«rji  of  '  S«iaod 

pdilion,  reyievd  and  enUrg«d.     In  one  larg«  and  o1o#«lj  printed  oelw  T  mmtlf 

1000  pages;  handsome  extra olotb,  $6  50;  or  etrongly  bonnd  in  leather,  .. ....  .^.^^d  1 

From  the  Preface  tt>  the  Second  Edit  ton* 
Pour  montbe  aUter  the  publication  oftbi^  trenlise,  Ibe  author  was  notified  that  n  cefotud  #«titf<Q& 
waa  called  for.     The  BjM»edj  eichau«tl<jn  of  the  first  edition,  aDejq>«c  Wd  In  Tirw  €*f  ?•«  Inrjf*  fit#, 
natufntly  iiit«iiisified  th«  desire  to  mnko  iba  work  still  more  acc<^puble  t.  i.en  aai 

itodenii  of  Afedicine;  and^  nolwUbptandinj^  the  brief  period  nllowcd  for  a  uldltivs* 

bftve  been  made  which,  it  is  belieroiJ,  will  enhunce  the  practical  utility  of  the  ^    . 

THDkfkd  ainoDg  be»T]r  wnA  cflHDin»>o-j»Uc#  wotkft,  «id)e 
tb(!  anmiiiUikable  vh*  In  vrlitfb  Pr  FHot  «**-«  kla 
own  rl«iwff  ii  quit''  :  .  »t. 

' •  li- 


We  Are  liAppx  la  "b^ing  ftble  onco  more  tn  CMrnnn^od 

thin  wurk  (u  thesliideDtii  and  practllioiwrii  of  medicine 

rwl]0  fleek  for  ncctuale  iurorta»lloD  eunr^jred  Itt  la&- 

||rn[vi;0  at  oncn  cti^ar,  prerine,  and  expre««lTe^ — Amer. 

l^onm.  Jfrfi  Seiencfis,  April,  ISOT. 

Dr.  Flltil,  wUg  bu  boea  kaowu  in  thin  connttT  for 
I  jnany  year^,  balh  Mi  au  Autlior  and  teashf^r,  wliu  haft 
fdlrtpfivijn;  J  ir«th>  and"polnt<^d  it  o«f  eli^arly  and  dl»- 
Slnctly  to  olhers,  iareatlgatod  the  i>yiaptoiii»  and  oa- 
inrai  iiUtory  of  dU«at>«  aud  roc<)rdtMi  Um  languAKe  aad 
I  fill  t^^,    unA   itr?Totcd    a    life    of  lD(*i?8KaQt    *tudy    And 
t  'li.^  dontitfal  or  obecure  In  bU  proft^wtnD, 

,  in  bis  ripoftchularsbip,  tpYna  this  work 
^ionaftacruWDlfiggift.   If  we  bav«*«tM*ken 
Lir^iily  ut'  kih  v)vlue  to  ih©  profettsioa  and  wttrld  ;  If  wo 
bttve  a«ld,  all  oon«(!dercd,  it  I*  the  xnty  t<*»t  wi^rk  i  tng  upon  wh 
upon  medical  practice  la  any  laa^nagis  >^  ^e  bare  '  what  W'^  \ 
■pakeD  of  its  excelleneee  In  detail,  and  given  pointit  I  whiif  i< 
of  Hpecial  Talue,  we  biro  yet  failed  to  express  Itt  any  |  eun  d" 


It  Is  a  book  of  en 
deutly  «  mun  of  m' 
bl*i  view*  nre  pr=' 
luorlf^ralfi,  and  we  t 

bla  murrnvm  fyj/tts 
Pr«M«<>' 

fnth 

TldttAt 

whirb  makt'  it  wnrthy 
a*  wril  a«  itndenta     III 
and  h\gh\j  rrtiiMfiTi!,! 
c  learn 


*Me£2i 


work  and  tb«  Ij^ataif^at  af  ladS- 


l.ycltitft 


degree  our  prec«iit  estimate  of  its  rnlae  a«  a  ^Ide 
Uie  practlc4«  of  m«<dlcliie.    It  t\oef*  notirontjiln  Uh*  mnt'b 
OT  too  little  ;  11  JB  not  ponillTe  where  donbt  nhunld  be 
exprt-Hftod,  or  beftitate  wb<»rti  troth  \ti  known.     It  i» 
pbllot^opblcHl  and  F>pecnlatlvfl  where  pbilo^ophy  and 
Hpi'cnlutlun  «,rf  lUl  tbut  run  at  prewnt  br  obuinyd, 
but  Uktlhin^iK  admitted  to  ibi>  cI'^Tation  of  ei-iaMS^brd 
truth,  wlibv<ut  the  iD4"«t  tliorou|(b  inve>*l]g4tlou.     It 
1*  truly  romnrknble  with  what  e\eu  hand  ibi»  work 
ban  iHffn  written,  and  how  St  all  show-  iltr^  inDsr  <  .i  re- 
ful  lliouj^ht  and  uulirin^  uludy-     \V. 
Ihonj^b  It  ttifty  yet  be  «u#eeplible  uf 
»tlllcoD!ttit[]te<4  the  very  best  wSileh  b' 
can   at  prenent  produce.      *'When  kuuwJnJiiji   li.  tu- 
ereasf^d/'  the  work  wil]  donbtleon  Ije  ugAln  rerlM^d ; 
mcauwhUe  wo  Rball   areept  ft  lyi  (bi^  rule  of  (<rAollce> 
-^Bujfnlo  Mfd.  and  8nrg.  Journal,  Keb.  lfJ67. 

Ho  miiy  Justly  feel  prund  of  th«  bteh  bnnor  eiia- 
ferred  mu  blin  by  the  demand  for  a  teroud  edlliun  of 
hit  worlj  in  four  iDotitbK  iift'ir  the  U^ue  of  ibe  llrst. 
Ko  American  priLctStiounr  can  atf^rd  to  do  without 
PHat'i*  Praetlce.^-Pa*?^*?  Mtd,  imd  Surg,  JnumtU^ 
yeb.  I  mi. 

I>iL  Flint'*  bonk  in  th#  only  one  oii  the  practice  of 
inr*drciiie  that  can  benefit  the  young  praoUtioaor— 
li'tnthvilh  Mfd.  Joitmal^  Ang,  IS^. 

We  couHider  the  book,  In  all  It»  e«»entlalR,  at  the 
he*t  adapted  to  the  student  of  any  of  oor  Dnmerniiii     ^„.^^ 
lext-buokiODlbl«iiabjeet. — JV.r  Jfrtf../fmm^  Jan,*67,  |  f^^i  ^ 

Ita  tvrae  conctaeoeaa  fully  redeems  il  from  being  '  ItotL— 1^ 


RMrvat 

on  i(r«  as^k/Uy 

and  g  i|*«fW»« 

la  fol towing  out  »oth  a  pluo   T>r    Filet  hm  ( 


cei*4l>*d  nio)«t  admirably,  and  ^i' 
work   that  in   not  only  rmtj    r 
find  e'lnfi"**",  hnt  fn  t^rt^rr  f*«ft*- 


thedimcnllS. 

to  arrive  at  ,i 

beeldem  bavinir  '^iv  ■ 

clnaion  which  thr< 

enabled  him  1^  htf 

meritaofditr'  1 

melbodit  of  n 

a  lUtle  to  tb< 

ft  inedjcaMearriiT,— .>    j    .V'-f 

We  take  pleaanre  ii»  recMnnn 
tbtn  valnabl''  .^"^    i<r...ti,..\.  a 
niedfclne.%13 
ItinUle^  of  I- ; 

tbo  JlUt>i     re 

Tills  vr 


fvmdf**  a 


mt 


D 


VNGLISON,  FOEBE*%  TWEED  IE,  A  SB  CONOLLY, 

THE  OYCLOPuEDIA  OF   PRACTICAL  MEDICINE:   comprifthig 


Trentbefl  on  the  Nature  nnd  Treatment  of  Diseuief,  Materia  M'- 

PDigeanes  of  Women  and  Children,  Medical  Jurisprudence,  <fco.  kc.     < 
ootavo  voluitioe,  of  3254  donble-oolumned  page^,  airofigly  and  bani 
^^4  This  work  oontaina  no  le^s  than  foar  hundred  and  eighteen  diatiuet  i 
by  iixty-ei]iirht  difftingnished  pihy!>tcian5, 

T|i^>    I  I  It^te  work  on   practical   faediclne 

eartnn '  u  onr  language.— /^ojTnf^^  MuUcol 

and  ^1  'rnnl. 


■ica, 
•I 


Fur  rert<reuee,  U  in  above  all  price  to  er^rj  piraeti> 
tlooer.— IWefsm  Lftt*cift. 
One  of  the  most  ▼blnablo  medical  pobHcatJoaa  of 


the  day.     Aa  a  work  of  fwferene**  it   i-  ir, 
WfMern  Jottmni  o/  Jfacii^inM  ttnti  ifHrff^f, 

It  hftfl  bo*>D  to  n*  *'^'    '•     '.-■■-  --  »  f^4'|i»e,a 
Wurk  for  ready  and  o  w&^lck 

muderu  £ngtiAh  uii'i  ua««t  e4> 


B 


ARf.OW  {GEORGE  K).  M.  P. 

A  MANFAL  OF  THE  PRACTICE  OF  MEDICINE,  With  AiWUion^ 

by  D.  F,  CoMniE,  M.D.,  author  of  ''A  Practical  Trentii^t'  on  Dii>ea#et  of  ChUdrto/*  S^   ll 

one  handdome  octavo  volume  of  OTer  OQO  pages,  extr»  cloth.     $3  bQ* 


JJA R TSHOHNE  (HENR  Y).  M,  D,, 

Prnf^^soT  ftf  flygif^it  in  tfut  Unir>errtty  ?>/  Pertjutpfcinin. 

ES8KNTIALS  OP  THE  PRINCIPLES  AND  PRACTICE  OF  MED  I- 

CIXE.     A  handy-hook  for  StudenU  and  Praclitioneri.     In  one  band&um«  Toy»1  ]2tnt>. 

Tolume  of  about  350  page?,  clearly  priut«d  on  small  type.     (Jtt*t  Ready.) 
Tn  ibis  work  tbe  unthnr  lins  tfougbt  to  present  a  clenr  and!  condensed  view  oF  the  tbeorj  nnd 
praeHce  of  pbyeio  in  \\b  mo^i  n^odern  Mp«et,  aaited  to  tbti  watite  uf  (be  student  and  to  thofte  t>f 
the  practitioner  who  desirea  within  a  moderate  oompaM  to  hare  the  means  of  refreshing  his  kiioir- J 
ledge  or  of  noting  the  more  important  result:?  of  recent  loveatlgations.     By  careful  ^elmjtion  oC| 
tnatertal  and  the  utraoit  ooncisenesa  of  entjle,  a  rery  large  atooant  of  information  will  be  luund 
embodied  in  a  aiaftll  oompaai,  oonveniantlj  arranged  either  for  study  or  roferenoe. 


T|7:4  TSON  ( THOMA  S),  M,  D„  ^*c. 

LECTURES    ON     THE     PRINOIPLES    AND    PRACTICE    OF 

PHYSIC.     Delivered  at  King's  College,  Lnndcin.     A  new  American,  from  the  last  reri?ed 
and  enlarged  Engliwh  edition,  with  Additions,  by  B.  FBAxris  Condir,  M.  D.,  anthor  of  . 
••  A  Practical  Trcati^ie  on  the  Di;fieasea  of  Children,**  Ac*     Wilh  one  handred  and  i'i;;hty- 
five  illtt^^trations  on  wood.     In  una  very  large  and  handdomo  Tolnme,  imperial  octavo,  \  " 
over   12D0  closely  printe^l  pages  in  email  type ;    extra  olaih,  $6  60 ;  rtrongly  bound  in 
leather,  with  r&i»ed  handi,  f  7  bi\. 
Believing  thifi  to  be  a  work  which  shottld  lie  on  the  table  of  every  pbyiiician,  and  he  in  the  hands 
of  every  fitudent,  every  effort  baa  been  made  to  condense  the  vast  amount  of  miitter  which  it  con- 
tains within  a  convenient  compaai,  and  at  a  very  reasonable  price,  to  place  it  within  rea<;h  of  all. 
In  ita  present  enlarged  form,  the  work  contaios  the  matter  of  at  least  three  ordinary  octavo^  | 
rendering  it  one  of  tlie  olieape«t  works  now  oOered  to  the  American  profession,  while  its  mechaui** 
cai  execution  makes  it  an  exceedingly  attractive  volume. 

Cniif«fHn4<tfllY,   hy  the  coaenrreot    nplulnoi^   of  the  i  thie  Mtnrlent  tn  the  acqalremeat  of  lil«  profe^ialoit,  nnd 
jjtjji,     .    ,    ,  :  »  nuthorUlM  both  of  Orp*t  Brilniti  uud  |  w»*  le«fl  worlby  of  frt!M|tient  coi^Naltatlpaaed  rererent^e 


U:  I"  be!?l  cwrtijM'od  «jf  thy  priijelpl<*<<  (iiid 

pr  L  ic  ihat  hfui  yet  appeared. — Am.  Ji/ur. 

Commendarhm  of  these  lectured  wonld  be  only 
relter»(iui|  the  oflen  recorded  optuloa  of  ilie  profc*- 
elan,  Hy  ttolrerHbt  coawut  the  wnrk  rKnki  nmoDv 
the  very  bcfri  texl-books  la  oar  lao^viiife. — lU,  mui 
Ind.  M(*i.  ntid  Svrff  Joumai. 

It  stftDdft  DOW  coufe««A<«dly  iu  the  tlrst  rank  of  Ibe 


by  the  laoBt  eallgh lotted  pracUtloaer, — Vhicnff*^  M(4. 
J*/umat, 

Dr  Watooi^'ii  LectnreH  hnve  b<teii  »n  lont  known- ^ 
ftod  c«ilebrii.Ifd  Utr  thi'ir  rare  coinbiiiatioia  uf  hurluHia] 
exeAlt<«nc<»  «ud  nlimcttv^  nlylf,  thai  we  D^"d  •uy  q^I 
morn  of  \hU  f  JUbuT  Ihnn  tbut  Jl  in  th«  f>fttt  work  uoj 
the  »nbjort  to  th«  Eiiij^tlnli  iHiigiiUfce*  fur  the  KcnerAll 
purpose*  hofb  uf  stiideotA  and  of  pnicMtionom — «ll  of* 
wJjom  vrf  »dri**^  t,,  po^^ts  I hi'Uu velvet  of  e  copy.  If  " 


ptihlkiitiotjs  relutinK  lo  the  pr»et(ce  of  tiicdiclue.^  |  U'*2  "''^r'^^J! '^'r''''7«*'  '"'""»'"»^''  »*  J"  l»*'«  '*»« — 
WfMerri  Juumai  o/MfA.  and  Hurff.  Bfiwtun  M^dUnl  nnd  Surf/lrtd  J.mrnaL 


4  Ur,  Wataoji*j»  Lectoreftmny.  wUhonteXHjtl^ratititt, 
k  fti  vljlcd  a  mirrtfT  of  the  practice  of  itioiliciue.'-Ciri' 
VinnfUi  Ltinert. 

We  cuonot  flp(*ak  too  highly  of  (hiR  truly  rla^Mlcml 

wnrk  nn  Ui-n  i-mrtlcP  nf  Tiindlclne,     Tnke  U  ell  ta  aU. 
It  i-  if  its  kSnd;   equatled  by 

a-    ,  ■■•*'  of  diclSon.  aud  not  (snr* 

Piv-  -  and  GLirLiprntheaftivtiJOAM 

of  Si^cmUdU.     it  wiii  \>*}  &u  Liidlapea«able  pilde  Id 


ToQog  men  will  find  Id  lb**  w»»rk  Incfore  ti^  th»J 
conuelU  of  wj.%duni,  aud  tie  old  mru  lliff  wurdit  > 
comfort.  Few  rrif  u  have  «f«i*«f!n±fJcd  «o  Wt'll  a*  Ur,  \ 
WAT«off  in  tbrowfeg  lOietti<>r  Ml#De«*  asd  eomoiuii^ 
fcCUHe  ia  Ite  treatmeat  of  dUea-^e, — Ohio  Mt'd  /uum.  J 

Tin  praclitioiter  dbould  be  withoatthe  aew  ediU*i4 

—^\  0.  Mtfi  yew0, 

Tbli  work  It  now  truly  a  eyelupiedia  of  praotlcall 
medldae.— »V«iD  Tttrk  Jtmrwd  tff  MetHdiu, 


D 


ICKSON  (SAMUEL  H.\  M,  D., 

I^^t/ejuior  fif  Prariicti  of  3f ef Urine  in  Jrffersfm  Mtdienl  College,  Phtlndslpht/t^ 

ELE^IENTS  OF  MEDICINE;  a  Compendious  View  of  Patbology  andj 

Therapculif?s,  or  the  History  and  Treatment  of  Disecues.     Second  edition,  revised.     In  ont] 
large  and  handsome  octavo  volume,  of  7&0  pages,  axtra  olotUi^     |I4  DO. 


^ARCLAY  [A.  ir.),  M.  D. 


A  MANUAL  OF  MEDICAL  DIAGNOSIS;  being  an  Analysis  of  the 

Signs  and  Symptoms  of  Dbeiute.     Third  American  from  the  second  and  reriaed  London 
0dltioa«     In  one  neat  octavo  volame  of  4At  pages,  extra  cloth.     83  50. 

A  work  of  imtneaMe  praetieal    atiHl j. '^London  t     Tbe  book  ahotild  bo  la  lh«  bands  of  every  praotleat 
'   ~'  '  J  nifca.— DwWiii  Msd,  iVe##* 


Med.  Tiwtifs  and  Gfuette. 


OXDON  SOCIETY  OF  MEDICAL  OBSERVATfOH, 

WHAT  TO  OBf^ERYE  AT  THE  BEDSIDE  AND  AFTER  DEATH 

IN  MEDICAL  CASES.  Pablit-hed  under  the  authority  of  the  London  Society  for  Medical 
Oh«en*ation*  A  new  American,  from  the  second  and  revised  London  edition.  In  one  very 
bAndaome  Yolnme,  royal  12mo.,  ejttra  cloth.     $1  00. 


LATCOrK'S    LECTURES    ON    THE    PRKVCIPLKS 
AJTD  Methoos  of  Mrdical  Ob!*krvath>.v  axo  Hk-  I 
eEAKcrtt.     For  Ihe  uiie  of  advanci^d   (irod«-»nrt«  And 
Jonlor  praetltlenerti.  In  one  very  uoat  royal  i2iito. 
Tolame,  extra  cloth,    f  1  00.  j 


HOl.tAKD'S  MEDICAL  NOTES  A,\D  l!KKLEf> 
TIOJI4.  From  the  third  itiid  noliirtftd  EdeU^Ii  i-dl- 
tlno.  In  one  hand^i>uie  I'ctiivo  vuiume  at  Jibout 
6iH}  pa§et,  extra  aloth.    |3  m. 


T>UA1STEAI)  (FREEMAX  X),  M.D., 

J-^        Lvrtnrrrun  Mntrrin  MtfUcftan.il  i'enerfal  Di^itun^'.ft  tit  tht  Col,  of  Phpt  and  Surff,,  New  York,  *tf. 

THK  PATHOLOCIT  AND  TREATMENT  OF  TENEREAL  DIS^ 

Eases.  Inuluilinfx  the  re^ult»  of  rcoenfc  iiiTt<»ti|!^atioQe  apon  the  Aubjeet,  A  ne^w  and  re* 
vL^iJ  edition,  tirith  i1Iu!«trfitint>a.  In  oue  l&rg«  aad  honddome  ootaro  volume  of  ii4i)  pages* 
extr»  clotli,  S&  f^O.     {Lat^ltf  Ustt^4.) 

Dnring  tbe  abort  time  whkh  hn?  clapped  sinee  the  appenmtiee  of  thii  worls.  U  haj  fi^nmod  (be 
posiHoD  of  ft  recognized  anthority  on  the  iiubject  wherever  the  language  is  8*]ioken,  and  \\»  imnAn 
tion  into  Itnlian  ahowf  that  it*  reputation  \s  not  confined  to  oar  own  lunKue.     The  singtiiar  etuiir-^ 
1JWI8  with  lA'bich  the  moilerti  doclrinea  ♦•f  venereaJ   diKeikscs  nr^  get  forth  renders  it  »dininihlj,1 
iidtipted  to  the  sindeTil,  while  the  fu!u(3.«a  of  ita  prnotical  details  and  dir»,*ctiona  ne  to  tre3itniiMi|^1 
Dinlctfs  it  indrspentiable  to  the  pr&riitiuDer^     The  lew  Dotice'^  lubjoined  will  «how  the  very  higlL'l 
position  universjtiljr  accorded  to  it  by  the  medical  pre^y  of  both  hemiispberei. 

W«^3t  known  a*  oop  of  (ho  be^r  niiU^orlting  of  tb»  j  our  npiirovui  i*rnl  pruUc  »«  tho  itnectod  Hidqa  ftf  Pf, 

pri»»ii>int  <\hy  <*n  ttie  *^^h\^rA  —UHiUh  and  /br,  M»i,-    Buin-tond'i*  wurk.— Crfcn»;/vto  Jtfrfi/MWr»m/,  OeiJSfll. 

JJhirtirU'  R^i*i^,  April.  iStid.  .  |      y^^  jj^^^  ^f  „^  ir<„itUe  in  »oy  |j»iigti*igt?  which  t^ 

A   rejfitUr  Htnro-liou«ia  of  «peeiiil  tuformation. —  i  ita  nqiiKHti  point  of  crtniplnteni*»H  And  t»*ii'CtVra1  vtrn 
/xf>n/fo*>  Lnnrri,  Feb.  24,  1SG«.  |  plidty  —  f^o#f(/»  Medical  ami  Surgiml  JournfU 

A  rrmnrknVdr  clf«rand  fnti  •jr*f£mjaio  IrsatiiKi  on  i  ■^*"^  '^^**  ^^*" 
llm  wholo  Mtibjioet. — Lond,  Mtd.  Wme^  nml  Qfig/ftte.  | 

The  bfnt,  Ci^mpl«»tflat.  fullont   raonojBrmpb  on  thl*  | 
eubjeet  I  u  oni'  InniyujiKje.— flrWf#A  Afnn^Hen  h  JourmU, 

I  ■  '  '  ^  In  ft  medical  UlTuvy.— Pacific  MuL 

fin  ninl. 


N  'luiiht  that  U  will  ftiiper«v«dnin  Amf^rtcA 

er*^ry  .  tLn^r  tn^iitiso  on  Vauere&I, — ififfift  Fr^incUca 
M*d,  PrrM$,  Oct   1664. 

A  i>.  rf,  ,'t  ruinpilAtion  of  rtU  that  1*  worth  knowing 
0f'  -eiv*ej»  in  gfnoriiL     it  fllU  Tip  u  jsjiip 

w^  >tM^n  folt  ill  Mii^rHli  ui'^ilirnrt  ii((triLitir<!^, 

— i'j.        ....  L  J  s.Ei^n.  Med.'Vhiriirg.  Rr.f>ieWt  Jan^  *(S.l 


Tlio  buok  In  one  whfch  ererj  pr.nrlil >r  r-TiiuTa 

IiHTe  la  blfl  poA»«>«i«ili)D,  and,  wi>  m-  ^  i 

ftnfybooli  upnn  the  (*ubjec(  nchlcb 
ledgH  lie  eoini>«<*»iit  authority,— i^Mj^  t 

Surgical  Journal,  Juiy»  IWl. 

TiiH  b**#t  wi>rk  wfib  which  we  »fe  a»innhited,  end 
the  nioii't  nonvnnlent  Inind-boolc  for  tb»  baa/  prju'tU  ,. 
Itoner — Cini^innati  Lantattf  July,  IS«4. 

The  ftutborba*  ■^psr^d  n't  Tnbor  l<->  rnskf*  th1i*e#f»t^» 
warthjrof  ?  -  -'  ,       '      ,'  '        ■      '      - 

l»eltev'e  ili  r 

untlce,  r»''i'  -t 


We  hftf*  not  mel  with  imy  which  co  highly  meritB    u/  iieriinai  Scitnce,  August,  IML 


BtAKigrON    OJf    CERTAIN    DISEASES    OF    TfiE 

CHEST     Id  one  Tuiuffip  oclrtvo.    <il  2^V 
BUCKLER  ON    FlBRO-BrtONCmTfS  AlfO  BHEIT- 

>fATir  PNErMO:crA,    in  ou*  ofllnro  roL,  uxlru 

Rl.nb,  pp,  i:*0.    #1  2.'i, 
FISKK  FlTXf>  PRIZE   RsSATS— i 

V&rrs   OF    CLIMATE    OX    11 

EASE.     A*\D  WAHRKX  OiV  TH 

TMiK<;?f  ANCY  ON  THK  DEVELt)|Oiii,.ST  oF  TLT- 

BKIti'LK^     To^Kther  in  oiip  nrjit  oclrtvo  rolume^ 

extra  clo|h»     |1  00. 
HtlGUSS*  CLINICAL  INTRODUCTION  TO  AUS- 


CULTATION AND  OTHER  MODES  Op  PUTSirALj 
DlAONOf^rS.     Sueund  ^dltinu.     Oiift  Tii»hiran   rufAl^ 
12ni>>  ,  extrrt  fi   '  ^       -   '  ■'      *'    ' 
WAL-^nES  PU  > 

OFTHELU.v  I 

P.„^.  l_...ii  f^f,^    Hi.  I.  PI    .111.1.  ^,. M.  .  •-.  II  p.ri.        Ml    "Mil 

'vo  volume  oi  tmurly  ^H}pi^g«B,  nxtm  cuuti. 

:   00. 

V.,.. i.  >  PBACTICAL  TREATrSE  O.V   THK   i>lS- 

KAJJEit  OF  TUB  HEART  ANI»  GREAT  Vt;HSA:Lii,l 
Tliird   Amencuii^  from  tlie  lljlrJ  M'ri>fd  mul  tniir'tri^ 
eoUrged  Lotidoo  Qillltoii,     lo  une  liniidAoiuo  ocl^ivo 
▼tduuie  of  4:30  p«g<»*  extt«  oloth.    93  VQ. 


' ALLEMAND  AND   W/LSOy, 
A    PIIACTIOAL  TREATISE    0\    THE    CAUSES,    SYMPTO:^LS, 

AXO  TREATMENT   OF    SPERMATORIUItEA.     By  M.  Lallema:*!!.     Trnnflftled  nnd 
edited  by  Hrnhv  J.  McDouGALL.     Fifth  Arnericnn  edition.     To  whiih  is  added  ■  ON 

DISEASES  OF  THE  VKSICULvIS  SEMINALES,  and  riiBiR  associatkd  ohoass.  WiiJii 
iipecinl  reference  to  the  Morbid  Seoretions  ol'tba  PmBt^tio  and  IFrethral  Afueoutt  Moinbnii)<i.  ' 
By  Majieuh  Wilson,  M.B.   In  an«  noat  O€t470  roiuuie,  of  about  400  pp.,  extra doLlii  $2  75. 


B 


A  ROCHE  (R),  J/./>. 

YELLOW  FEVER,  considered  in  its  Historical,  Pathological,  Etio^ 

loji^ieal,  ,ind  ThempeiUicnl  Helntionir,  Including  a  Sketch  of  the  Diflense  a«  it  has  occarreda 
in  Philadelphia  from  16'J9  to  1664,  with  an  e^cninin&tioD  of  the  Gonnectionfi  between  it  an#l 
the  fevers  known  under  the  Raiue  name  it)  other  partf  of  temperate  as  well  a$  in  tropical  i 
region:?.  In  two  liirge  and  handaume  octavo  voliLmes,  of  nearly  1500  page«,  extra  oloth»  $7  00»J 

THK  .SAME  AUTHOR,  

PXP'UMOXI  A  ;  its  Stipposed  Connection,  Pathological,  and  Etiological^  I 

with  Autumnal  Feveri,  mclndlng  an  Inquiry  into  the  Exi^teftea  and  Morbid  Agency  of 
Malaria.     In  one  handsome  ootavo  volume,  extra  oloth^  of  500  purges.     $3  00. 


TYONS  {ROBERT  D.),  IC,  C,  a 


A  TKKATIt^E  OX  FEVER;  or,  Selections  from  a  Course  of  Lectures] 

on  Fever.    Being  pnrt  of  a  Conri>e  of  Theory  and  Pruetice  of  Medicine,   In  od«  netii  octavo  1 
Yolume,  of  Ji62  iMig«Sf  extra.  uloLh.     $2  26. 


CLTMEB  ON  FEVERS;  THKIK  DIAGNOSIS.  PA- 1 
ruoLooT  49rp  TaeATJiKyT  In  one  octavo  volume 
of  tKX)  page*,  leatLer.     ^1  75.  | 


TODD'S  CLINICAL  LKCTUItRS  ON  CRBTAIN  ACUTE 
Di68A»K«.  Id  nne  nc'ttt  ooIsfo  rulittaei  of  >I20  pages 
extra  cloth.    |>2  M. 


T>OBERTS  {WILLIAM).  M  D., 

-*-**  l^etarer  nn  3ffillcii*i;  in  the  ManchfJtttr  ^rftool  of  Mtxlff^fn^,  ^<*, 

A  PRACTICAL  TREATISE   OX  URINARY  AND   RFVir 

EASES,  inctadlng  Urinnry  Deponits,     Illastrnted  lij  nnm«rou8  easefl  rn 
one  very  handfiom«  octavo  volume  of  61fl  pp.,  extrii  cloUi.     S4  50>      (Jr 
The  want  haa  for  somo  time  been  felt  of  a  work  which  ehould  render  accesvibic  to  ih«  / 
|jrirte??ion  in  &  compendious  and  convenient  form,  the  results  of  the  numeron*  ?*rof  ■ 
riM?erirehej«  vrh-icb  have  of  late  years  etacidoUd  the  pathology  of  TTrinary  and  Vl- 
hiif*  be^n  the  aim  of  ths  author  in  the  present  volume  to  set  forth  in  a  fonn 
technicality,  the  practical  cuuditlon  of  the  Bubject  in  ita  mort  ad^^ancc^i    -' 
endi'in'^rjring  to  aecompli^b  tbi?,  he  hiis  refrained  from  crowding  the  volnr 
und  phypioingica!  details,  which  would  unfit  it  for  its  object  of  afTordinK 
'a  his  daily  practice,  and  to  the  Ftudent  n  condensed   and  intelligthle  PoTni-.ii  Itum   *.[  all 
irn^tienlly  imfiortant  on  the  subject.     To  aid  in  thi«,  numerout  eases  and  Illutftmlloav  hstsm 
Q Produced  throughout  (he  work. 

lu  oirrytng  oal  IIiIh  dt^tign,  be  tma  not  ooly  mads  ]  a\r(t  worlr  on  nrlanrr  noil  reii»l  <l!ii««jfte>.  ene*! 
ffrKK)  tiH«  of  blfl  own  practical  kaowlndge,  hut  ba«  I  to  tlmlr  stHcLly  pmctical  a«p#«r«  tbat  we  p< 
briMi«rhr  fogi»|b«ir  from  TRiioa*.  flciQrc^4«  7«4l  amnnnt  I  tbo    Eagn«l)    Imigua^u. — Brilish  "     ' 


of  lurorraat^m,  *«orn«  of  wblob  1*  not  geaerally  po»-  |  Der.  U,  1895, 

»ei^H<'d  by  the  prof«>i*?ion  Sa  ihia  ctmniry.  We  mnnt  (  Wn  hnn/f  rpnfl  thl*  TSn^ft  with  mtjcti  ^tt»fKfrv?B 
>  now  lirlag  our  nollce  of  this  bouk  to  a  cIoih*,  ro-  It 
■"^^(tin|^  only  thai  we  Rre  obUgfld  lo  reilut  Ih*»  tomp-  1  > 
^  af^ti  >if  t^Hdj?  further  exlracl*  from  It.  Dr.  Riibcirln  '  N 
'"li  on  ft«ri>rHl  occH»»loas  placrd  h<?rore  tbe  |  BOirH^  <iih-r  * 

I  '■  rO'^nlUi  of  rx^earchi^  mad*)  by  him  on  \  much  tbikt  b*"  : 

^'     '  -  eooaecLed  witb  tli^iuHue.dnd'bad  t>>ii»    laipnri  t>>  bU  >. 

I*^'J  Ti'  i><  K'Xpecl  fruin  btm  aometbiug  ijoott — in  which  I  ler  n<i  cunaot  fiilt  tti  r^-mirT  it  p(»pT]J»r  kiti.ti^  nr,ti.l] 

cxp«ci4itiiin  we  h&v«9l:>f^ea  by  uo  meaii4  dl«ttppuiiit«d.     rf'Jitlf^rit. — Lon/ioi^   Med.    Timns  nnd   QtUi^t't,  lUMk 

Tbo  book  ia,  b^i^yiind  iiae»tii;«n,  the  inosr  co[ap^eh^a-  |  17,  1806. 

,*,  "  Bird  on  Urinary  Deponit*,"  being  for  the  pre»ent  out  of  ptiot,  gestl«m*ll  will  find  la  ih* 
above  work  a.  trustworthy  aubtttitute. 


MuRLANn  ON  THE  MORBID  EFFECTS  r»F  THE 
RKTENTION  UV  THE  BLOOn  OF  THE  ELE- 
MENTS OF  THE  URINAEY  SECRETION.  In  one 
Rini^ll  octftTO  voltiiae,  63  pages,  esttra  cloth.  75 
eentii. 


BLOOD  AND  tTBIKB  (MAJTCTALS  OX).  By  J.  W. 
GntrrrE,  O.  O.  RitasK.  antl  ▲.  UxuKW^f'-m  Otm 
toliiuni^  royal  liLuio, ,  ezli-a  eloih,  wUb  pl&tea.  pf 
400.    ft  23. 


J^  CCKyiL  L  (J.  €.).  M.D,.         and 


riANIEL  H.  TUKE,  M.D., 


A  MANUAL  OF    PSYCHOLOGICAL   MEDICINE;  i-omainirig 

History,  No^ologiy,  Depcription.  Statiaticp,  Diagnosifl,  Pathology,  and  Tref^tmrol 
SAnlty*    With  a  PlatOp    In  ooe  handsome  oot&ro  yolumai  of  &36  p»g9ip  9^X1%  «lot^ 


1 


^UDD  (GEOROE),  M.D, 

OX  DISEASES  OF  THE  LITEE.     Third  Amerioan,  from  tbe  tliiid 

and  enlarged  Luridon  edition.    In  one  very  handsome  ootavo  volninei,  extra  clotb,  witk  fi^tii 
beautifully  colored  plates,^  and  Dumeroug  wood-cuts,     pp.  500«     $4  00, 


TONES  (a  HANDFIELDl  M.  />., 

^  Ph^dii-inn  f.>  Si,  Man/*  Nffpftnl,  *<?, 

CLINICAL   OBSERVATIONS    ON    FUNCTIONAL   NEHVOrS 

DT?ORDERS.      In   ono  handsome   ootavo  Tolum©  of   S48  pagee,   extra  cJolh,   $S  31 

The  wide  scope  of  the  treatise,  and  it«  proclioal  eha.racter.  a«  itltittrat^d  by  th«  Urf«  n amber 
of  ca^f^  reported  in  detail  by  the  author,  ean  hardly  fall  to  render  U  ^xcevdlagly  ^«a|»I«  19 
the  profession. 


HARRISON^S  ESSAV  TOWARDS  A  CORRECT 
THKoRY  OF  THE  NBRVotTsi  SVSTEM.  la  one 
<K<<ivo  Tolnme  «f  Wl  tip,    f  1  f>f». 

60LLT   ON  THE  HDAfJJf   BRAIN;    Ua  Slractor*, 


Fh?'clol»Ky,  aad  TX^cnasa,  From  ill*  r«»*«t4  atJ 
wtich  ealarged  Luadoo  edUlt^m.  tn  o«4i  ««taT« 
Tolume  *>f  .vuo  p>«M«  wlih  190  wood-evi*;  meio 

<kiU).    12  do. 


J^MITH  (EDWARD),  M,D, 

CONSUMPTION;  ITS  EARLY  AND  REMEDIABLE  STAUEis. 

one  neat  octavo  volame  of  254  pages,  extra  oloth«     $2  25. 


hk 


JgALTER  {n.  ff.),  M.D, 

ASTHMA;  its  Pathology,  Causes,  Consequences,  and  TreatmcnU 

one  volume,  ootavOi  extra  aluth.     $2  50. 


s 


LADE  (/>,  D.l  JLD. 

DIPHTHERIA  ;  its  Ntiture  and  Treatment,  with  an  ac<»oimt  of  the  His* 

tory  of  lie  Prevalence  in  various  Cntintries.     F^cond  and  revited  edition.     In  ot»»  nail 
royaH2mo.  volume,  extra  cloth.     $135.     {Jiist  i»*ii«d.) 
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Sugar,  composition  of,  68 
tests  for,  68 
fermentation  of,  69 
proportion  in  different  kinds  of  food, 

70 
source  and  destination,  70 
produced  in  liver,  184 
discharged  by  urine  in  disease,  841 
Sugar  in  liver,  formation  of,  184 
percentage  of,  186 
produced  in  hepatic  tissue,  187 
from  glycogenic  matter,  188 
absorbed  by  hepatic  blood,  190 
decomposed  in  circulation,  190 
Sulphates,  alkaline,  in  urine,  887 
Sulphur  of  the  bile,  165 

not  discharged  with  the  feces,  181 
Swallowing,  115,  116 

retarded  by  suppression  of  saliva,  115 
by  division  of  pneumogastric,  458 
Sympathetic  nerve,  500 
its  distribution,  501 
sensibility  and  excitability  of,  608 
influence  of,  on  special  senses,  504 
on  pupil,  504 

on  nutrition  of  eyeball,  440 
on  nasal  passages,  506 
on  ear,  506,  507 
on  local  circulations,  507 

on    temperature  of  particular 
parts,  509 
reflex  actions  of,  511 

Tadpole,  development  of,  580 

transformation  in^o  frog,  582 
Tssnia,  524 

produced  by  metamorphosis  of  cys- 
ticercus,  526 

single  articulation  of,  529 
Tapeworm,  524 

mode  of  generation,  526 
Taste,  466 

nerves  of,  468 

conditions  of,  470 

injury  of,  by  paralysis  of  facial  nerve, 
472 
Taurine,  165 
Tauro-cholate  of  soda,  165 

microscopic  characters  of,  162,  168 
Tauro-cholic  acid,  165 
Tears,  816 

their  function,  817 
Teeth,  of  serpent,  105 

of  polar  bear,  106 

of  horse,  106 

of  man,  107 

first  and  second  sets  of,  677 
Temperature  of  the  blood,  288 

of  different  species  of  animals,  239 

of  the  blood  in  different  organs,  246 

elevation  of,  after  section  of  sympa- 
thetic nerve,  509 
Tensor  tympani,  action  of,  498 


Tests,  for  starch,  66 

for  sugar,  68 

for  bile,  168 

Pettenkofer*s,  169 
Testicles,  547 

periodical  activity  of,  in  fish,  549 

development  of,  646 

descent  of,  647 
Tetanus,  pathology  of,  894 
Thalami,  optic,  in  rabbit,  867 

in  man,  402 

function  of,  403 
Thoracic  duct,  152,  154 
Thoracic  respiration,  426 
Thudiohum,  Dr.,  on  urosacine,  87 
Tongue,  motor  nerve  of,  461 

sensitive,  437,  440,  468 
Trichina  spiralis,  528 
Tricuspid  valve,  252.     See  Auriculo-ven- 

tricular. 
Triple  phosphate,  in  putrefying  urine,  846 
Trommer's  test  for  sugar,  68 

interfered  with  by  gastric  juice,  127 
Tuber  annulare,  370,  422 

effect  of  destroying,  422 

action  of,  428,  427 
Tubercula  quadrigemina,  866,  418 

reflex  action  of,  419 

crossed  action  of,  420 

development  of,  626,  627 
Tubules  of  uterine  mucous  membrane, 

608 
Tufts,  placental,  618 
Tunica  vaginalis   testis,   formation    of, 

648 
Tympanum,  function  of,  in  hearing,  492 

Umbilical  cord,  formation  of,  619 

withering  and  separation  of,  677 
Umbilical  hernia,  684 
Umbilical  vesicle,  584 

in  human  embryo,  585 

in  chick,  592 

disappearance  of,  619 
Umbilical  vein,  formation  of,  657 

obliteration  of,  665 
Umbilicus,  abdominal,  580 

amniotic,  588 

decidual,  605 
Unilateral    mastication,   in    ruminating 

animals.  111 
Urate  of  soda,  831 

its  properties,   source,  daily  quan- 
tity, &c.,  832 
Urates  of  potassa  and  ammonia,  332 
Urachus,  035 
Urea,  327 

source  of,  327 

mode  of  obtaining,  328 

conversion   into   carbonate   of   am- 
monia, 328 

daily  quantity  of,  328 

diurnal  variations  in,  329 
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Henry  C.  Lea's  Publications — (Disemea  of  Childnm), 


lONDIE  (Z>,  FEANCmi  M  D, 


A  PRACTICAL  TREATISE  OX  THE  DISEASES  OF  CHJLnUEX. 

Fifth  eiUtioo,  revi^e^l  iiiid  anj^incnted.     In  oue  Urge  octavo  roluitie  of  orer  Ih^  «ta»«I/> 
printed  |>nge«,  ejctra  ololb.     $4  h^. 


lprft4?Ucfti  s^bMe  nro  in(iuirc«tnd  in  tdin^  am  Vn  nt-l  bE» 
Hi<iiTif^r<inA  ooat ri inn trt lift  to  mt-iruc**,— Z>r.  HtUmM*M 
mMn^ori  tu  the  American  McfUtuil  A»ifiWift(Um. 

k«u  H"^  a  wh'flc,  hi  our  jnilgm**nt,  Dn  Coodie*** 

H  Iho   oin»   from    IU«   pMsiawl  mC   wltlpb    the 

i-r  in.  this  roujilry  will  rimi  wllh  tli<*  grenl- 

UfffrtcUoQ. —  Wtsteni  Journal  fif  Mtrtici-nt  artd 

tn  tho  «1f*piirtin«ii(  Af  tnf^Qtlln  tlM»i'fcp^nt1eii»t1ift  w»rlr 
r  Df,  ^i<H^d^e  t»  contidwrml  oa»»  of  Uiiu  Idmi  io  tbu  Biig- 

A'T  TT..  ,  ilJ  hryr^TP,  \rv  dj  not  kuiitr  of  a  bctlor  book 

i    Hnd  In  M  lur^ti  purl  of  lU  re- 

uib  iiaboHlLJitlugc\>QearreQCo. 

TJ*w  wurk,  *t(  Dr.  Coudin  1^  nTH^nB^tf^naMj  »  rnry 

[  »Mtf  0110      It  i,s  pmctJcnl  Iti  ItH  cliMnicter,  AKit*  tlile 

liw£.orl";  but  thfi  practical  pre^^opu  rooommcnded  lo 


tt  aire  hA»i?d,  fti  alt  priLettce  •lioatti  lw«  tt|maji  funtlUf 
liii)»Tr!*»r<trr"  (if  ^f1*t*«*.r  Tli^  ^^pynff « rtTtr*  nf  f*f  V.%*^ 
die  for'  -  -         -  ^r*i 

llut  ».<■.  t?- 

rhui  tho  All 
liiMirtiitge,  N  ' 


ou  Ihf*  dH'H'iii'eit  of  criiH«irri)    m 
und,  □otwiiti'ttMnJht^ Jill  ilii^t  l< 

Thr 


itll,* 


TITI^ST  {CHARLES),  M.D„ 

Physician  to  tfu  Jloitpanl  for  St<!k  Chtldrm^  Jbe, 

LECTURES  ON   THE   DISEASES   OF  INFANCY  AND  CniLP- 

HOOD,  Fourth  Amorican  froni  the  fiflb  revb*d  and  eiL]arg«d  English  edltvon.  lb  wft# 
liir^e  anil  hAudfome  ociiiYo  volume  of  666  cloaelj-'pruiied  pagea^  Extra  clotii,  $4  &<}; 
leuither,  $a»  SO.     {Just  tsi^ned,) 

Th?s  work  mny  nnvf  f*irly  clutm  the  pot^itlnn  of  n  standfird  ttuthflrity  and  mv^lical  eTaj««fci.  Pirt 
edlliiitidi  in  Englaod,  four  in  America,  four  in  Germany,  and  tranelall'TiR  in  Prr-mrh,  DnniiH, 
BuLeh,  and  Hn»:)ian,  show  how  fully  it  bag  met  the  wnnt"?  of  tbe  profes.-i  m 

views  iiu'l  rb»  clettm*«a  with  which  thej  are  presented.     Few  praelition  i]M 

0j»p4»riuMili<)a  of  observation  and  e3[}j«rienoe  enjoyed  by  Ihe  Aulhor.     lij  ...  tj, 

"  The  present  edition  euibodiei  the  result*  of  1200  r«H-*orded  ciUFts  and  of  nea  •« 

exnmlniiLionBf  collected  from  between  30,000  and  40,000  ehildrBfi,  who,  durni  ,,(j. 

rfic  yptirji^  bftVB  come  ttnder  rny  eare,  either  in  public  or  in  private  prw^tice.*'  The  ;ir*ii.  wt^^^i  uv«» 
with  which  the  work  hi\a  been  received  shows  tbut  the  muthor  bus  made  good  a»e  uf  Ihcic  unu«iial 
Hdv^antagea. 


Qf  ail  ths  Eoglitb  wrttera  on  tbe  diaeasea  Af  chil- 

Idreo,  thet-in  Ia  no  oQ«»  *«o  mififniv  ,,»ti*,r.M.i<.rv  i.i  n*  m 
Dr.  Weit,    For  ymr*  \r.  .  nk 

jndlciHl^  nod  hiive  n»^r  ;  iiirnt 

IKuitr  ;iiJth-,>r^!i.>^  in  t!,,.  ,  :  :   ij,r-tl- 

^  ic*),  com* 

li-  'i-  ■  ■ .■.,.;., I  .,j.:    :.:...,  ..:.      :..  .. ,  ttK-mn^rka 

Oi  ibo  inuNt  UbunuUA  windy  aad  kuvi^Btlg^tiOfl,  W<) 
•ciotrtTn^nd  it  to  all  h«  a  most  fPlinbl**  »dvl»flr  on  many 
Of*  i-.li.M'.  wliri.  riiMMV  fi-i.i.  *'!-.."  li  <'."i  th4>  i«Htti#»  •u1]j*H?tit 
^-  ii  i<>d  with  a  Tpry 

'  iad»?x  tu  the  for- 

li^'---'-    ' ■.^■.  ;.:;:. .i,^.,,...;  .....  :,  ,viL,^BfwUtn  MruL 

ami  Sufy.  JuurittU^  Aprii  2«i,  l&oti, 

I>r.  Wsst'n  Tolnme  Ia,  In  our  opinion,  locompiirablT 
th«  he^l  natborlty  upon  th«  uialadio<t  of  cUUdr'^a 
Ihiil  llio  prHcilliu'tii^r  can  consult.  Withal,  toi>— a 
nUour  tti»»ti*r,  truly,  biu  «t|M  n^?  ^nf*  Mtwt  wliotiM  bn 
i]pj(li?clfit  — Dr.  Wpst'p  tiM  I    rn- 

Liar  i:bjirui,  beauty  and  ^  uwn 

afTurilluA  thf^readortnoi  1<  Mit 

of  that  whlr^h  ptrlA^i  Trom  Hh- 
tr a th «.  -^Ci  n  rin  n  nt  i  Jo  nr .  fi/    ' 
We  b«Tp  loi]^  regnrditd  it  a^  ' 
practice  tu.ok  oij  difi^ii-n'*  uf  cIuj^Immi  wLiv-Si  U.v.h  vu} 
apinttKi'^tUu  iLiAeooalry  — i^tjfa^j  JU^litni  Jovruul. 
Dr.  We*t*Ji  book  is  tlio  l>e*t  tliat   hi*&  ever  beea 
written  io  the  BaglUh  lau{(ttttge  on  the  dUvasei  of 


Infancy  and  «liUdhaod. — Cniumtttus  Hrvimf  «f2 

To  accnj^y  In  medtoal   i 
^ftmn  lit  «hlMf»»ri   ih*»  * 
Wrtlsofl'*  If.' 
nuw  very  ij' 
bui>tt  U  U\  til 
»n  nrl^nal  ^'  »  .i    j 


^4 


'  le 


.Lire    vlK^!ri4t4««  lu^t    |^l'4.«Ui 


Tti(<r*>  ix  no  pmrt  ul  ihv  rolnm<t,  no  * 
it  treais  wblco  dnf>«  atit  oxtilbtr  the  i 


.Vfrf  /oumai. 


.  UtJ    ^ -J  I     ..^     «|JI 


A   TREATISE   ON  THE   PHYSICAL   ANp   ]V1  EPICAL   TRKAT- 

MKNT  OF  CQILBIIEN.     Eleventh  edition,  with  the  anthoi'i  Imat  iJO|in«v«iutol*  csd  f«^ 

rectionji.     In  ouu  uclavu  Ti^Iume  of  ^48  p^ij^es.     $2  SO. 


IXDEX. 
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Volition,  Beat  of,  in  tuber  annulare,  422 
Vomiting,   peculiar,   after    diyision    of 
pneumogastrics,  457 

Water,  as  a  proximate  principle,  53 

its  proportion  in  the  animal  tissues 

and  fluids,  54 
its  source,  54 

mode  of  discharge  from  the  body, 
55 
Weight  of  organs,  comparative  in  newly 

born  infant  and  adult,  677 
White  globules  of  the  blood,  204 
action  of  acetic  acid  on,  205 
sluggish   movement  of,  in  circula- 
tion, 282 
White  substance,  of  nervous  system,  852 
of  Schwann,  852 
of  spinal  cord,  864 


Wnite  substance,  of  brain,  insensible  and 

inexcitable,  401 
Withering  and  separation  of  umbilical 

cord,  after  birth,  677 
Wolffian  bodies,  643 
structure  of,  644 

atrophy  and  disappearance  of,  644 
vestiges  of,  in  adult  female,  650 
Wtman,  Prof.  Jeffries,  on  cranial  nerves 
of  Rana  pipiens,  433 
fissure  of  hare-lip  on  median  line, 

641 
on  production  of  infusoria  in  organic 
solutions,  519 

Yellow  color,  of  urine  in  jaundice,  841 
of  corpus  luteum,  567 

Zona  pellucida,  582 


THE  END. 


JJODGE  [HUGH  L.),  M.D. 

PON  DISEASES  PECrLIAR  TO  WOMEN;  inrludin^  Dispbcemnite 
of  the  Uterus.  With  original  illnstralioiu.  In  aue  beauUfuUjr  printed  oeUro  ir<4ita«  of 
doatIj  &0D  pftged,  extra  cloth.     $3  75.  . 

Indeed,  aUhongb  do  pfcrt  of  the  Tolame  U  »ot  «ml-  |  t)»»*  dfty— on«  whlf)t  tf^Mf  rtf.  iMifTM*if  *\A  r»»  ?*!/*> 

tDeutlj  licjiorTlug  uf  portiMil  lind  Mlady,  we  Ihtok  Lhat     choalJ   cnoHl  cftn^fnllj  t' 
llje  ttioo  cluiptcm  devoted  to  thU  mahjeict  ».re  ei^pw-  j  thiil  h<»  nXW  nrl^e  fn»tn 
dully  no,  *nd 
r 
Hi 


>4«d 

I  Qliitljr  no,  n^nd'  wip  know  of  no  cn«>re  vtiluabte  muao-  ]  trhlrb  irUI  tntluct;  Itim    r  r:t«i 

fritjih  iijioD  the  fcymplonm,  pmi^Qnwl*,  and  m&Qage-  i  tii  nn^aid  to  iiiiiuy  i  •ufTt^riiiu  '•  uiail'-*  wUl- iu^y  h«1» 
nic'Ui  of  Llif^iit*  ADuoyifig  in(it«.dl«n4  iKim  is  eonHtitnted     plHCi'd  her  lieullh  iu  UU  b»sidi>. — BrOiA  JiMmt%i^tm 
1>y  tlik  r>:trt  of  iho  irurk.    Wo  c&nnot  but  rey»rd  it  «*  ,  Juurfuil^  Feb.  IMl. 
Oii«  of  t)>«  mM»t  oHginul  and  tuo»t  pracltc*!  work«  of 


W^^r  (CHARLES).  M,n, 


LECTURES  ON  THE  DISEASES  OF  WOMEN.   Second  Americm, 

from  the  gecaad  L-undon  edUion.     In  on*  neat  oetaTo  Tolmue  of  abonl  ^DO 

cloth.     $3  25, 

r^*,  1      As  ft  writer.  T)r  Wn«l  itunf'- 
"I  of    cotid  only  to  Wjitwoti,  Ikitt  *'.V 

h«i  pos.-''-^.'-    tliiif    Imimiv    f'jrn   ' 

Don    I 

proflr 


Wtt  Imvo  Ihui  i*nibod1rid»  In  thin 
one  of  tin?  modi  vn)uiiT»l«t  trcftlhe^ 
thi^  f<*nmlH  iii«xaiil  Mycitera  nno.>fbHir-f 
Id  »«nr  lAD^aanfo^  Amd  oa<«  tvbi>^ 
incld    iiinciner  In   wlilth  th4> 
lif-ifti  treated,  aud  thfo  carffful 
di'Klin;  "nly  wUb  fAct*,  to  r*f 
the  Ciir^'fiil  »lntiy  of  GvvTf  pi 
,hU  jiar.'-!  .riii.h'K  to  pnictice  ^' 
Wfl  h  '  T-^^rnftod  a  wo  I  ' 

prarr  ,  r  th»n  tb*' 

pi*|!;^  I  til*'  nioht  Iru'  ii 

tiiiitloii,  au4  we  certinlaly  l!i>  uva  \>.u 
rk  froiiu   vhicU  tho  phys>c!aii,  I 


j  tjilttiibh>guid<t.— a;  a,  Mfd.-Ch(rurg  Utwk*m, 

I      W«»  mast  ?'■  ■■■         "'     '    *■'..'   ^ -^"-'  -■-r"- 
irltb  th4i  <r  ir 


I  the 

d  In 
vvliime  to 
iitfordlag 
rjowledee. 
'  JnjroOiif'ijly 
;k     Every 
■iint^^  Infor- 
of  iiny  MilitT 
,  nctlvft  praetkif,  |  j^      .,, 

mn  raor<!*  r^^dlly  ♦'hfiiln  imU1c<*  of  th^'  aimtid«ft  cb*-  '  r,|J:.rtt>n^  .  r. 
raodir  tipoii  th.»  poculUr  dt^rowMja  wlikli  Iiut**  bc^Mi  r»»n»ianiu^  (n^ 
^fitside  the  aubjaet  of  elacidAliou.— J^WfurA  ^m,  Jf»f.  j 

We  rvtnro  the  anth(>r  our  gr*t€fn!  tbAnkn  for  the    t»  th' 
Vft^t  amount  of  invinttrtbTn  be  hn«i  alfordi'd  »i.     Ft\.i    tbiil    ' 
^Viirniibte  Ir^Mlf^e  n(»(»da  rirt  eutojKy  on  our  part     Hi*     BritisL 
jp'aphie  dfctlon  And  Irothfiil  picturi*?  of  dl(«-A8f»  all 
ipeak  for  lb<?ra*K»Wea. — Mtdii^n-Ckirutg.  Review,         I 

Mo.xt  jniifJly  QHtet^med  a  ntAnd^rd  ivjrk,   ....   It 
'boars  *»v  1.1  oiu'p  of  bartugberm  cnrefnlly  rerl*pdjiod 

•1«  rf^W  W'lrOiy  i-if  (be  fame  U  biui  already  obtatned.  ,      We  know  of  no  tTmtt»e  of  tt»«  Wn4  ••  Mmpm^ 
— Dub,  Mful,  Qaar.  Jour,  I  tod  yet  to  €»tapmeu — OhUxtffn  Mtd.   ' *       ' 


!  pugo^—y.  F.  JuurAOl  uf  Medicine. 


Wpgtwdlr  rocominead  bU  !•" 
df>t^nn*  iuMtrttftlro  to  all  wU-. 
atrtric  pmcllee  --l-**Mi'>ii,  Lanvmt. 


.-i»J.*«rhl  . 


I 


TJF  r//£  ff.<.VK  AUTHOR,  

AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE 

ULCERATION  OF  THE  OS  UTERL     In  one  neat  oqUto  volame,  eilrii  cloth-     $1  U. 


f 


OfMPSON  (SIR  JAMES  F.),  M.D, 
CLINICAL  LECTURES  ON  THE  DISEASES  OF  WOAfEN 

numerouj9  lUujtratioQS.  In  one  hnndsiome  ooiave  volnm©  of  orer  500  pii^eA,  er*—  .  r,.ii. 
The  prineipal  topioa  emhraoed  in  the  Li^tores  are  Vesieo-Vaginnl  FistuU,  Cane- 
Treiitment  of  Carcinoma  by  Caustics,  Djsmeiiorrhcca,  Amenorrhooii,  Clo:sur*«,  Cot 
of  the  Vagina^  Viilvilia,  GauseB  of  Death  after  Surgical  Oiieration?.  Surgioal  Fev 
Dolens,  Coooyodinia,  Pelvie  Cellulitis,  Pelvio  Hicmatomo,  Sparioiw  Preftn^ner,  H, 
Orariotomy,  Craniociasm,  Dinetkaes  of  the  FaUopmn  Tubes,  Pifterpecal  MiiaiA,  Sub  invoSuitua 
Super- In  solution  of  the  UteruHj  &<3,  &c. 


WUh 


^ENyET  {HE.VRF).  M.D, 

A   PRACTICAL    TREATISE    ON    INFLAMMATION    OF    THE 

UTERUS,  ITS  CERVIX  AND  APPEJTDAOES,  and  an  '\U  eonnectioo  wiih  Uurine  Pi#^ 
ease.    SUth  Atuoriettti,  from  the  fourth  and  revised  En|ij;Ii»<h  edition.    In  one  <xi»v  ■  -     -  ■- 
of  about  duo  [J nge$,  extra  (2 Loth,     $3  75.     {R^ethtly  I$$t4sd.) 
From  ths  Author* »  Prrfare, 
During  the  pa^t  two  years,  this  revision  of  Ibrtijer  labors  has  been  my  prtneipal  • 
In  its  present  etate  the  vrork  may  be  considered  to  embody  the  matured  experieu 
jreana  I  have  devutwl  to  the  study  of  uterine  disease. 

Indi^f^it,  tba  «fjiilri*  rohimo  la  j*o  replftff*  wUh  lufor- 
matlon.  to  aU  app-earaut:**  no  pi'rfcct  lu  Its  dt*laiH.  llljal 
We  cioild  jt«arc«ly  have  IhouKbt  ancttlier  pa^e  or  para- 
f  rapb  waa  reriulrod  for  ih«  full  d^acripiioa  of  all  thai 
U  now  known  wltb  r^^^i^rd  to  the  dUeaae^  under  eua- 
I  alderaUoa  if  we  bad  oot  brteii  so  tnfornieil  by  the  aa- 

Jfjr   TflE  SAME  AVTHon,  

A  REVIEW  OF  THE  PRESENT  STATE  OF  UTERINE  PATHO- 
LOGY.   In  one  small  octavo  yolume,  eitra  cloth.     50  cents. 


thor.    To  apeak  of  U  eTeapt  ta  t«raie  t>f  III*  li1^«l 

approval  u',,ni<i  \m  imu,i^.:hj..    ik,..i  ■wt*  gU4-y  at«4 
miruMi'.  ^  to  r«ct.>»M#«l 

it  I  a  n  •  ttM  Pf^i^iiJit 


TJODGE  [HUGH  L.).  At.  D,, 

Ltiit  Pri^f*tJf»<tr  <if  Midwt/efy^  ^c^  in  the  Univcrniiy  t^ Pfnn^yUnnin^  ;fr<T. 

THE   PRINCIPLES  AND   PRACTICE   OF   OBSTETRICS,     Ilhis- 

tr«te<i  with  large  litbographia  |jlateF  containing  ona  hundred  nud  fifly-nine  figtin?*  frtm 
ori^'iimi  photographa,  ftod  with  iinmerons  woodcutjr.  lu  one  large  nod  beuutiiully  printed 
qtiario  vulumo  of  &50  duable-colamDed  pagei,  ptrouglj  boaud  in  (Xtra  clotb^  f  14.  \Lat9 
l^  published.) 

From  the  Autbob's  Preface, 

**Itiflnenced  by  thcfic  motiveB,  Ibc  author  has,  in  this  volume,  endeavored  to  present 

uot  siinply  his  own  opiniong,  but  also  those  of  the  most  diatiu^^iiished  aulhorilies  m 

the  professioD ;  so  that  it  mny  he  considered  a  digest  of  the  theory  and  practice  of 

01)8 let rics  at  the  present  period," 

In  cArrymja:  out  this  design,  the  ftmple  space  afforded  by  the  qnarto  form  ha^  enabled  the  axitbor 

la  «nt^r  thoroughly  into  all  detnilei,  ntid  in  eombiriiEig  the  resnltji  of  his  long  experienee  and  study 

^dth  the  teach  ill  |CH  of  other  distinguished  authors,  b«.^  isunnot  fail  to  itfford  to  the  prootitioDer  wli   ~  ^ 

Hr  coon?et  nnd  o()^ij4tance  may  be  required  in  di-ubtfuj  c^iaes  and  emergcncieH. 

A  diitinguiiihing  feature  of  the  work  ta  the  profufenein  of  it§  illusrtrationfl.  The  lithographic' 
plnte«  are  all  origiDftl,  und,  to  insure  their  nccuracy,  tbey  have  been  copied  from  phoiogmph*  taken 
fQtpre«ilj  for  the  purpose.  Beside*  these,  a  very  full  series  of  engravings  on  ivoud  will  he  found 
Muttered  through  the  text,  so  ibnt  all  Ihe  details  given  by  the  author  arc  amply  elucidated  by  the 
iUujt rations.  It  may  be  added  thnt  no  paina  or  expense  have  been  spared  io  render  the  meDhauical 
floceention  of  the  work  in  every  tegpect  worthy  of  the  character  and  value  of  the  teachingait  eontAing. 

*^*  Sfjecimens  of  the  fdAtes  and  letterpress  will  be  forwarded  to  any  addreas  fre«  bj  mail  on 
receipt  of  fix  cent#  in  postage  itamps. 


Th«  work  of  Br  Hodge  I«  Aomething  more  than  a 
■Impin  pre»(*atJithin  or  hf»  partkatar  tIcwh  Id  Thf  de* 
piiruaont  fit  (>bnTotri«;  It  ti  ttotrietlilnj!;  more  than  an 
ordinary  Ir^AtUe  oo  midwifery  ;  It  l«.  in  fiict,  a  cyclo- 
pn?it1:i  of  niulTvlfeiy.  He  hfuiaiiued  to  cnilivdy  In  a 
ijii  i      the  whoJ<«  ticieoceapd  lirt  ofObfitofrlca. 

/,>  xt  1»  coin  blued  with  accurate  and  va- 

ri.  iMunlralioni*-,  Ml  ttiiit  uo  fact  or  phoeiple 

let  !•  II   uii>-i:ai<d  or  Qa(?xpUined, — Am.  Med.  T(m««„ 

We  niiiMild  like  lo  ana1yi!<i  tbe  rtrmaihdnr  of  thl« 
eacr<*ncat  wtirk.  bftt  alrcttidy  haiilliip  revtiyw  (^xietided 
t4**yi'i>d  unr  InnJt^'d  *[*»•<•«.  W^?  cunnut  conrlude  iLIb 
auik'e  wiiUfiol  re-f^^rriiii^  to  Ibp  exciMlent  finish  of  lUe 
work.  Id  typograpl  y  It  t»  Dot  to  be  oxretlfcd;  the 
paper  l»  HMptTlor  to  what  l»  o^oftUy  flffordod  by  our 
Ata^rie^tk  «nOfilb«,  quite  eqnnl  to  th«!  b«»t  of  Eui|fll^*h 
buolit.  The  cngmv)ug«  abd  ItthogmphA  are  mo«.i 
beaatifuUy  eXi.*culed.  Tb^^  work  rocoronipudji  ICif^tf 
fnr  ItM  oiiiriaalliy,  and  Is  io  ^very  way  a  mom  vnla- 
ftbte  addltlitt  lo  iboife  on  ih^  I'ubjecl  of  ob»totiict. — 
(^nwUt  M*4.  JoitrmU,  Oet.  l&ttl 

(t  IsTcry  large,  profiiii»ely  and  «legnistlyHlfl»trtt«d, 
■Dd  Ik  Att<?d  lo  take  iis  pinre  neitr  tit?  worke  of  ^rr^at 
obM<*fric1anfl.  Of  the  Atn«*rloiD  workc  on  tht^  n<ibji*fi 
n  4a  decidedly  the  hv»L-'E4ini>.  Med,  Juur.,  I>ec.  '64. 


We  have  examined  Profe^iwiir  fXodgn'it  work  wltli 
great  sattftfartlDn ;  every  topic  Is  elaborated  mmnt 
fiilty,  Th-?  viewK  of  the  auihur  ttre  eoi»prf*hen*lre^ 
aud  coDcitely  stated.  Thf  rnlee  of  prucfkN*  are  judl- 
cioort,  aad  will  eDnble  Ibi*  prartUioner  to  ntPet  etery 
eiuergoDcy  of  obaterrk  eotupllcatioo  witli  c>^QlldeDC-e> 
— Chiiyaffii  Med.  Jourfial,  Aug.  1&J4. 

More  time  thaD  we  bave  It  '  *  -  -  '■  -  >  ---rA 
we  reeelTed  ibe  great  wor1>;  v 

to  do  U  JTj!»tScie.     It  ift  nnl  i 

oH^tnal.  rompJete,  a«d  c>tr.-Mijiv  iMr.,]-..*.  .i  nr.ivi-n 
on  th*  princlp(<>*  and  prartlci*  iif  nb*tr>tric»  whlcli  hits 
evi»r  been  ("wiu**d  frofo  the  AirifhCAn  press, — Pueijlc 
Med,  and  Surff.  Jonrnal,  July,  18di, 

We  hare  read  Pr,  Ilodge'e  book  wlih  areal  phe^- 

•nre,  aod  have  much  saiiufkotiou  '"  -"^ '"'    -nr 

commetidaltuD  of  It  a<f  a  whole.     I'  v 

luftrucLi  VII,  and  in  ih^  nialn»  we  b 

great  attontlou  wbteli  the  uuthor  ......  ,^-  .  ..,<j 

lueehanUiD  of  partoHtioa,  taken  alitng  wUh  tbr^  con- 
clualiina  at  whieh  be  faaa  arriv^id.  point,  wo  think, 
coneluMlvely  in  the  fact  that,  Id  Britain  at  lpA«t.  ih« 
doctrlneni  of  Kaegele  have  been  too  blindly  received, 
— OUMifOiff  Med.  Journalt  Oct,  IS64. 


JifONTGOMERT  (  W.  F.),  M.  D., 

^^'  Pnt/fiNfor  'ir  Miilwif^r^  in  tfu;  King's  and  Qv«fn'§  Coil^fft'  o/  Pftj/wieiont  in  Irtland, 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PRFG- 

NANCT.  With  some  t>tlier  Papers  on  Subject?  connected  with  Midwifery.  From  the  peeond 
and  enlarged  Englifth  edition.  Wilk  two  exquisite  colored  |dale!i,  and  Dumeroud  wood-outs^ 
lu  000  Tery  handjome  octavo  Toluine  (»f  nearly  (5011  pagoif  extra  oloLh.     $3  lo. 


IflLLER  {HEyRT),  M,D., 

■^^^        Prf>/r*gftr  <*/  (JtiMt^ricn  ami  DiseoJMS  qf  Wotnew  ond  Children  in  the  Uniwr^y  o/  L-^ftt-iviUi;. 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS,  Ac;  inclmlitij; 

the  Treoiment  of  Chronic  Inflammation  of  the  Cervix  anrj  Body  of  the  Uterus  eon^^idered 
as  a  frequent  c&kl99  of  Abortion.  With  about  one  hundred  ItluFtrotiona  ou  wood.  In  one 
Tery  handeome  oQtavo  volume  of  over  600  pogei,  6Xtr&  cloth.     $3  75, 


miOBY'S  SYSTEM  OF  mpWIFEKT.  With  !Tote« 
ant!  Addillonal  TUa»tratV.in»»,  Second  Amer1e*o 
adlttos.    Ose  vQlnuie  ucta^u,  extra  cloth,  «33  pages. 

•aao. 


DEWEKS'8  Cf>!HTRETrKNSTVE  SYSTEM  O?  HJD- 
WrFBKY.  Hlastrttted  by  occasional  cum-*  and 
many  engravltigi.  Twelfth  edition,  with  the  au- 
thor's last  improvementa  and  correftlons.  In  oo« 
(TCtavo  voloue,  extra  cloth,  of  600  page*.    tS  00. 


Henby  C.  Lea's  Publications — (Surgery). 
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QROSS  {SAMUEL  />.),  M.D., 

PraffJtH'fr  r{f  SnrQfrry  in  thi  Jffrrmtn  W^dlcal  Crdh^t  of  PhUfidflphin. 

A  SYSTEM  OP  SURGERY:   Patliologican  DingnoKtic,  Therapeiitks 

BO'I  0}><?rntive.  IHaftratefl  by  upwards  of  ThirtcMi  UuDdred  Engnivmgit-  Fourth  exiition, 
cur^^fallv  revii«e«l;  and  haproveil.  In  two  large  «nd  bejiutil'ully  printed  royal  ucliivo  voliiiaea 
of  2J0u  pagef,  atmngly  bt>mnd  in  leather,  with  rtitped  bandri.  $16  0(J. 
The  continued  fnvor,  fHowr  by  the  exbauption  of  suec*?st!iiv*)  large  cditioni  of  thia  greftt  work, 
proves  thnt  it  hnjB  8uece«j«fuHy  supplied  a  want  felt  by  American  praotitionerB  and  etudent«.  Though 
but  little  over  six  jeare  have  elapsed  «inc«  it^  first  pubUcaiion,  it  hn»  ulrufniy  rem^hed  its  fourth 
edition,  whiltj  the  car*  of  the  author  in  it*  reviuton  and  eorreetion  h«ii  kept  it  in  u  oonstunily  im- 
proved phnpe.  By  the  use  of  a  clone,  though  very  lejirible  ty|«,  an  iinuHually  larpe  nmonni  of 
tnaMer  is  condeDBed  in  its  pnge?,  the  two  volumes  contamiu^  ma  much  a?  four  or  five  ordinjiry 
octavos*  Thij»  combined  with  the  mopt  careful  inechatiical  execution,  and  it*  very  durable  binding;, 
render?  it  one  of  the  cheapept  we*rk?  neeer^sible  to  the  prufe?fflj[>n.  Every  subject  properly  liulun^ing 
U>  the  domain  of  surgery  in  treated  in  detail,  so  that  the  itudent  who  po^iieb-iie:!  thii  work  may  be 
laid  to  have  in  it  a  i^nrgieal  library. 


It  mil*-!  Imgr  renialo  the  moml  comprrhennlve  wark 
cm  ihlh  hnp^ittiint  part  of  mciliclac*.— B^*#fft»  Mfdical 
atiff  H*trt;ir*il  jQurfml^  March  2A,  1W3, 

Wfl  hmT«  coinpiir«»<i  it  with  mn*t  of  nnr  ^tanflttrtl 
work«,  aacti  ii>  likoiMfor  £Heh«ea,  Mill' I 
fiyroe,  aad  o(h<!r«^  aod  wft  m»i*it,  lu 
ftddiijr,  awnrd  ft  the  pre-euiluf^Dca,    A" 
pl^ti*  in  tii»io»t  PVf^ry  tlf-iail,  no  matter  fi  »>v  m mi-- 
or  trllDDjET,  Hnd  »'inbrac1n|c  every  <nblef*t  knuwa  In 
tiie  prlaciplcrt  »rid   pttictice  nf  rtmrgory,  we  h<»(levf»  \i 
•latiiJii  wkihmit  a  rival.     Dr  Orus**,  iu  hi*  prefhee,  tv- 
marlcB  *'m¥  aim  ha*  li^eeu  to  emhniei;  the  whole  du* 
lujitu   of  Hurgery,  and   Xs*  allut  to  every  auhje^t  Ua 
gitfnmtQ    claim   t<i   tiollt.'*;"   and,   we   innure   our 
ider*,  he  han  Unpt  hJi*  wmrtl.     ItUa  work  wlilth 
'  r^Mi  in'ivt  r  nifl'Trntl  V  rpcomnniud  lo  our  l>relhreti, 


lloner  itiall  net  kaaV  In  vain  (br  wkat  (hey  de«lr«, — 
Sttn  Prntt**i«co  MM.  Prtt»,  Jan.  18<15. 
rtp^Q  It  when?  wp  may,  we  0nd  sound  pracrical  to- 


1iiI',iv<.mJ  Hiirj,iat[  i.,.\.  avf^.  —  EJi u!,>irjh  .U.-f  ./<>uf  ttol, 
Jan.  1S6.V 

A  j^]ano«<>  at  the  work  \n  juifllrtent  to  show  that  the 
aalhorant)  publislicr  havo  KpjirtHl  uu|al>iirjn  runklnif 
It  the  mo»i  Complete  "lsy«it«ifi  of  *^urio.^ry''  rv.r  pal^ 
llflheil  la  anjr  country — St,  Xruuit  Mtd,  and  Hurf/* 
Journal,  April,  1863, 

^,.,  ^     The  third  oppor(»intty  l»  n*>w  offered  daring  oar 

he  rooreotideuVtheloriier  I  *>diforinl  life  to  review,  or  rather  lo  likdor«  »«tl  fe* 

IT  libT4kry,--Uumida  Mtd.l^*^^^^^^^    'his    great   Am<?rlcaa  wcuk   uti    Siir^eiy. 

,  "     npon  thU  IsMi  fdtiii*!!  a  grnat  aoioimP  ^f  1»,tMtr  Han 

,.'.,,,  .  «    ,    been  flxp.  -  ^    '   ■'     iu-h  loaM  ut1n--     - ■'•* 

well   kuuvrn  To  i  huA  mi    ^   .^  ^  , 

1  .  I.  ihut  it  wui'.ld  h^)\  p.'.ik  \u    JJia,     t,  ., , 

rau«  «f   liitn   Wiitlt.^Chlcayu   Mt^u^ul   JyurwU,    ^^^^^   by  a  earl  jr  two    In 


tI   iu  llN  pi^ 

J  h«?  Iiiir<lli- 
iif  ha>*  Ji     ■ 


of  I  be  work,  i 
Wroj*dewlii 

Q4*d  FitWtigH   Mfrii'.-"-'   rnrrrr;/i'-Nr    n-r-""-,  '  n  i  -    iri'- 

The  inoxt  com pt^te  work  ihal  hit^  yei  Uened  from 
ihf>  pre»ii  on  the  Mieace  aad  pracilce  •>!  Murgery. — 

This  nystem  of  Hnrgery  1i,  wo  predict,  detitlni'd  to 

|«ki«  a  e<»tuniaiidiD9  imshieu  la  otir  ifurilcHl  Uiera- 

"  ^Ire,  and  be  ihe  orowuloff  «i  *ry  of  the  muthar'a  well 
Rru*-d  rami*.  Aa  an  antljoriiy  on  geneml  Margioal 
obji-ctis,  ihtw  work  In  locg  to  occupy  &  pre-eiitlnent 
pUc<*,  Quit  rttily  Ai  hoffie,  hut  ttbrojid.  We  have  no 
h«?fllti*tloo  la  prociv.oocla^  it  without  a  rival  In  uar 
language,  and  etinal  to  Ihe  best  •yt»tent  of  HUrgery  iu 
imy  Language. — N.  T.  Mrd.  ImtrnaU 

^*lJt  only  by  far  the  be*t  tpxt-book  on  theanbleet, 
an  a  whole,  within  the  rw*<h  of  Ai»*»rirap  uludeDt^, 
but  i>ne  which  will  he  rnaeh  mure  thitn  ever  likely 
lo  be  reiiori4?d  to  and  n^giirded  ajti  a  hJKb  auiliorlty 

T]j<k  work  ceo  tains  every  t  hi  ojt,  tnEnnr  and  msijor 
op<^rrtilr*i  anJ  dlci^no'^tlr.  iDelnJiu^  woaKuruU'r.  .irul 
eXJinilaatloj],  vonor<i^al  di'^t'ii??*?.'*,  and  u(erin»  ■ 

Uii'Hj*  and   jpiTHiionf*.     U  in  a  complelo  1 
of  aioderu  uurgery,  where  the  studeut  au<J   _  ! 

or  THE  SAME  AUTBOM,  .  — 

A 


M«l     I  P<0 

priie 
opoa 


-jTe 


rlioofr  bavr  1 

^  made  to  t  'i 

4iTiflier.  Ti 
i-ui>rrj¥  baa  ti«J<»ry  ■ 
keepln'f  pH'^e  with  t. 
of  surgery,  so  I  hat  ^ 
Work  may  Ciinjialt  i' 
within  the  isf  ap4«  of 
that  lt«  leachlug  U  , 

of  nnr^lcal  knowle<ig<v     n  i-  \\\-">  f"  vMtiyn 
thnt  it  uiay  trathfuity  he  raid  to  embraeq  nil  that  I 
actaaliy  known,  thai  In  r-pHlty  of  Hny  vnlti**  Ht  the 
diagnu^is  and  treHtinrpt  cif  "  - 1- 

denia^  Whererer  lllualrari  n- 

an bject,  or  make  bettor  or  I,.  it 

Li  not  wanting;  in  thU  re-in'ri  i\,v  worn  ih  .-iiinu-uHy 
aupe'rior,— jy^'jfn^i  Mrd.  Jfurnof,  Dec.  l&Cl. 

A  sy^stem  of  surgery  which  wc  Ihlak  nttri  vailed  la 
oar  lai]giiM6,  and  which  will  iofb^lihty  ai.Hiiet«t«r  his 
name  with  ^^urgir-al  •tflr>aef^.  Aod  wh«t.  Id  tnir  i>pift* 
ion,  euliaocef' the  vuliiB  of  thn  wnrk  1-  Mni,  mW\[v  the 
practiBing  Anrgf^on  will  find  all  till  (, 

Lt  laat  Ibegatne  tiaif>  ouf  of  tb>^  i- 

ll^ca  which  cau  Iff  pat  ia)fi  the  ii.^  I 

•  ^'klng  tw  know  iho  priutipl*?B  umJ  j  ^ 

nhch   of  the    pr(tfe»»»lou   whieh    he    i 
liiontly  lo  follow.— 77*e  BrU.  Am.  Jour  ^fL 


PRACTICAL    TREATISE    ON   TITE    DISEASES,  INJURFES, 

AND  MALFORMATIONS  OF  THE  URINARY  BLADDER,  THE  PROSTATE  GLAND, 
AND  THE  URETHRA.  Second  edition,  reviled  arid  much  enlarged,  with  one  hundred 
and  eighty *four  illuatratioti?.  In  one  large  and  very  handtome  octavo  volume,  of  over  nine 
hundred  page»,  extra  clutli.     $4  11(1, 

Whoever  will  pera*^  the  va>*t  atnoual  of  valuable  t  gaafa  which  can  make  any  JQflt  prelaBiioaa  to  be  Ha 
praetieal  iofurmaU«»n.U  contains  wiil,  wn  think, «frne  |  equal, — X,  T.  Journal  qf  Jfvdiein: 
with  aa,  that  there  U  a%}  Wurk  in  the  Euiflish  Taa-  \ 


fj  Y  TUB  8  A  if  B  A  UTBO  R.  

A   PRACTICAL    TREATISE    OX    FOREIGN    BODIES 

AIE-PABBAGES,      In  one  hasdtom*  o^iavo  volame,   extra  aluLh^  with 
pp.  408.     %%  75. 


IN   THE 

Uliistratioiip« 


I 


jPEicnsEy  (JO  fix). 


THK  SCIENCE  AND  ART  OF  SURGERY;  being  a  Treatise  on  Sar- 

giciil  iQJurieR,  Diseoraa^  iLOrl  O^^rAlirtns,      Naw  aoul  imprm'ed  American  •'-   -    '' -  '^">i><i 

enlarged  and  earofuny  revLwd  LomLjn  editiou.     Illut^tnited  with  uvet  i«I 

enarravingfl.    In  ono  large  ntid  hand"ome  octuvo  volume  of  lOUO  <>losely  j  i  xtr^ 
cloth,  $6;  leather,  raised  bands,  $7, 


IW*»  Hr»»  bnimd  to  iilate.  »»<!  we  d«>  no  ivUbDitl  Tri«l>-  |  at  one  of  thfl  rwry  VwMii,  !f  not  thu  li<?iit  lik^t-lNNi%  4| 
It,  -  t     '-    -  ^Q^jdlo^s  flj„,[mrl«anat  thiit  tho  work  of    Rtifg^rf  wUh      "     '  .        -  -    _ 

i 


in  mofl  re'«ri*ct»,  •urpftH.ri*.'*  nnj  ibnt 
»  It,     Mr   Er<pb*Mn'«  U  «  prrtctk"il  i^'trk, 

Oi.nnii'iiiMiu'  Ji  due  l?r  '^  ''  f'       "'"■  *    '" 

tat  Burgt^ry."     Hu 
from  itp  la  tiiAny  ii> 

al/le  bunk  AlJik^  to  the  prjitHlLiotior  and  the  iitu<Ietit,  j 

QItl«b  u  ver^  a4]mlra1d<«^  practical  v1«Tr  of  the  »el- 
QUCD  iiiid  art  ot  tiurger/. — Edinhurffh  MttL  nwi  Surg. 

Wq  recHjiamaDd  U  as  the  b«»t  compeadlatn  of  iar- ; 
gary  la  our  tangaajie. — Lfrntton  Luncd.  j 

It  l<*,  w^  tbtak,  the  inc>*t  vik\\xiih\f^  praeti<<ri)  w^rk  j 
on  Anrfor;^  In  estUteacf*^,  both  for  f  oong  and  old  prao* 

The  limited  time  we  have  lo  review  thU  linprot^^il 
adiUoa  of  a  work,  the  Urat  banc  of  which  we  pri«*>d 


U*  ttivvM  hill 


V    nf 

.  of 

J  'jf  ilj  i't  ciri_ea*M». 


»1> 


(it IJ 'J -.'til  ;iUd  i»t  scL'- 
— Ant.  Joumai  of 

After  cariifnl  aiui  ..     .  . 
•argiiry^  w*  are  At  ii  K""»-  >  i 
tloti  of  It.    Thtv  attthtii's  s^' 
and  characterUed  hjr  a  m 
elearnttM,  aad  oompa>ctfloaaL, — ijhio  MtU.  nmd 
Journal. 


adui.; 


^T  THE  SAMS  JLXITSQR.     (JLtodu  in  Junt,) 

m     ON   HAILWAY,    AND    OTHER    INJURIES   OF   THE    NEItVUUii 

H  SYSTEM.     In  smaU  octavo  volume.     Extra  cloth,  $1  00. 

I 


We  WrtlcoiuB  this  a«  perhaps  tho  tuont  practically 
luit^ful  trealtfte  written  for  inaoy  a  dajr.— i/effiwii! 

It  will  aerra  aa  a  most  uaeful  aud  traHtworthj  guide 


r  -ton  ia  guD'-r 

^och  eaae*' ; 
i  I  Ji  toxt-boak 


'   liflLLER  (JAMES), 

PRINCIPLES  OF  SFRGERY.     Fourth  Araorican,  from  the  third  Eod 

i  rovi.^'ed  Kdinbtir;^b  edUinn.     In  one  large  and  very  bonntirut  Tolume  of  TOO  {^e«,  irUl 

two  hundred  and  fortj  Uluatratiojis  on  wood^  «xtra  oloLU.     $3  76. 

TUn  BJiMB  ACTffOR.  

THE    PRACTICE   OF  SURGERY.    Fourth  American,  from  the  k^t 

Ediubtirgb  edition.     Roviaed  by  the  American  e^iitijr.     lUujiLmted  by  ibrse  bundrcd  a^ 
«ixty-four  engraviai^  on  waod.     In  one  large  ogUvo  rolume  of  iie«#iy  700  p«i«e, 
oloth.     $3  75. 
It  I*  H<^tdutn  that  two  ▼olanes  haTP  evfir  mutle  ao  f  acqnlr«»d,    Tli  ■ 

r'ltfuuad   III!  imprA^^sloQ  Sa  ao  i^horl  a  liaie  aw  thn     tical,  and  ^ 
Principles"  and  the  ''Practice"  of  Sar^tTy  hy  Mr.  [  what  ht»  i*  rn 
MUler,  or  ao  richly  merited  the  reputaUea  they  hare  I  —Ktntvtfky  .< 


I 

■     It  I 
;^tl»ri«ru 


PIRRIE  {WILLIAM),  K  R,  S.  E.. 
Pro/et^nr  t/f  Snrgtr^t  *«  tht  Univ^Mify  </  A^ttfrdem. 

THE  PRINCIPLES  AND  PRACTICE  OF 

John  Nuill,  M,  !).»  Profefior  of  Surgery  in  the  Pen 
Pennsylvania  Hospital,  Ac.     In  one  very  hmudsome  c^i 
L  illufttratione,  extra  oloth,     $3  75. 


^^^OERY.     Editetll 

I  College,  Surg^eon  t<l| 
r?  of  780  pagee,  witbf 


^  ^ARGENT  {F.  W.),  MB,    ~^  ~ 

•  ON  BANDAGING  AND  OTHER  OPERATIONS  OF  MINOR  SI 
OERY,  Now  edition ^  with  an  additional  chapter  on  Military  Surgery.  One  hatidaom*  i 
12mo,  valuRie,  of  nearly  400  pages,  with  184  wood-cuti.     Extra  oloth^  $1  76. 


ExeeediaglyeonTenteat  and  valtj^hte  to  &ll  mem- 
bera  of  the  prufoaaioa. — ChicagQ  Mtdical  Kxamlner, 
May,  1S82. 

The  rory  liest  manaal  of  Nlaor  Surgery  we  have 
■eeu. — Bufato  Mid.  JoumaL 


We  cordially  comm^od  this  veliuaa  aa  011a  whlc& 
the  iDf»dl;rn1  vlndrttt  9'liMnld  mo«t  el<i««ty  tindy ;  ajvi 
to  the -1^  H  inttstpravellMdfUialfait* 

tve  ou  hf*  may  hare  fDnellca.^ 

Brii.  .i  ,  i^a. 


IIALOAIONE'S  OPERATITB  SURGERY,  With  nn- 
laeruna  lllaittratioDs  on  wood,  tn  oae  haadaome 
OQlavo  vnlnme,  extra  clulh,  of  nearly  1S0Q  pp.   f2  50. 

BICET'S  OPERATIVE  SURn  EBT.  In  one  very  hand- 
some «>etaTg  irolnme,  extra  cloth,  of  ovar  ^  PAffaa, 
with  about  100  wood -cuts,    f:)  iA, 


FEUOCSSON'S  SYSTEM  t>F  PltJtrTTrAL  RTTROlEf, 

Foiirih  American. ' .1.  .  .1    -  .  .     *       »  >  *  ,^ 

doD  oditioQ.     In  v4 

octaro  voinme  01  ,uj. 

•uiae  illuatratiou4.     i^  .nu^^t ,  in 


Henry  C,  Lea*s  Publications — (Dictionaries). 


jyUNGLISON  (ROBLEF),  M.D,, 

FrtifoMtor  of  InittittU*^  cf  Hniwitui  in  Jtff'ortun  M^ical  OoU*g*,  PhUaddphbi, 

MEDICAL  LKXIOON;   A  Dictioxauy  of  ^Iedical  Sctenoei   Con- 

tulnini;  a  concbe  explanatioQ  of  the  Tarioiis  Subjectj^  and  Termjg  ut  Anatora.7,  Phy^iolngj, 

Pathology^  Hygi«ne,  Thorapeaticp,  Pbarra neology,  Pharmncy,  Surgory,  Obiftelrics,  Mi*dicttl 

Jtinsprudenctf^  and  Dentistry,     Notices  of  OlitcAt«  and  of  Minenil  Waters;   Formulae  for 

OflSoinal,  Empirioal,  and  Dietetio  Preparation*;  with  the  Accentuation  and  Etyrnolugy  of 

the  Tert&A,  und  the  Fronoh  and  other  Synonytaes ;  »o  a^  to  constitute  a  French  aa  well  na 

EngUeh  Medical  Lexicon*    Thoroughly  Revised,  and  very  greatly  Modified  and  Aa^mented^ 

In  one  vary  large  and  ha&dsoiaii  royal  octavo  volatile  of  1013  do  able -columned  pn^geii  In 

smnU  type;  atroDgly  done  ap  in  extra  cloth,  $d  00;  lealher*  raiMd  bands,  $d  75. 

Th«  object  of  the  author  from  the  outAet  baa  not  been  to  make  the  work  »  mere  lexicon  Ar 

dictionary  of  fcerini,  but  to  afford,  under  each,  a  condenited  view  o  titff  Tariom  medical  relational 

and  Ihu?  to  render  the  work  an  epitome  of  the  existing  condition  of  medical  foi*n<^e,     St^irting 

with  thi?  view,  the  immense  demand  which  has  exijited  for  the  work  ha»  «nal  ]    '  ^  u  rrpentod 

r«visionj«,  to  angment  its  eompkteneas  and  u»eftilnc<f4,  antil  at  length  it  ha^a  -  pi»^iLion 

of  a  rccf>gniKtd  and  standard  authority  wherever  the  Inngunge  is  spoken.     1  nip/il  <jxc- 

«ttlton  of  this  edition  wilt  be  found  greatly  superior  to  that  of  previous  imprei<aioi}8.     Uy  enlarging 

the  file  of  the  volam#to  a  royal  octavo,  and  by  the  employment  of  a  fmall  bat  clear  type,  on 

extra  fine  puper,  the  a<iditions  have  been  incorporated  without  matermUy  increasmg  the  bulk  of 

the  volume,  and  the  matter  of  two  or  three  ordinary  octavos  hii«  been  oompresaed  into  the  space 

of  one  not  nnhundy  for  con^nultation  and  reference. 

It  Is  ntidoabtedly  the  moBf  eqtnplete  aad  niefal 


^ 


Ir  wotild  l>e  K  work  of  Kttperfirogatloti  to  bellow  li 
word  or  pnili*  opon  thU  Loicicoa.  W*i  tan  ooly 
frouder  ai  ttie  labor  exp«adt>d,for  wheD0V(^r  we  reTer 
io  Xi^  jpflgew  for  iuformntiou  we  are  selduni  dlanp- 
{»otatrd  ia  And  log  kU  we  deRlre,  whether  It  be  la  kc- 
e*'tilHAtli..u^  elyaiology,  or  dodultioa  of  teritu, — *Vcifli 
York  Mc^lt'.\ii  Joumal^  November,  1865. 

ll  w.  i.r^  U(  tuiMV?  «-hm(4j  itT  wordfn  la  us  Io  exprew 
our  y,  whleh   in  so  oaiverA&lIy 

&0't  The  moitt  sdiBlr»ble 

vcrv  I!  •'h  Ifmifcintfo,    A«  a  buek 

i»f  r^fci  'Mc  iL  iH  luviilaablle  lo  the  medlcul  pmed' 
tloD«r«  A  Ltd  la  every  ioAtHDce  that  we  bavo  turned 
c»Ter  ii-  'n^'^  fr  "mrtruhilii'ii  we  have  been  cLurmed 
by  I  —•'*  aod  the  nccumcy  of 

d«t  1  adfl      Wfl  f au  mortl:  cof' 

dihi  ;  .^ud  It  to  otir  rettdora. — 

OUt*i;uic  .Utdi-iU  Juunuil,  Juaojiry,  iAfli»J. 

A  w>:)rk  t»  which  ther«i  In  no  n<][uat  In  the  English 

1 1  U  «iuinechlnf  more  than  a  dictionary,  and  mnmi^ 
thio^  16*4  tbaa  ati  eucyclopjedlji.  Tble  mlitiou  of  Lhe 
well-knowa  wi>rk  la  a  great  improveuieot  on  it*  pre- 
d*c««»or9i.  The  boi>>k  ii  cue  of  ihe  v^ry  tow  q(  whiob 
it  tDsy  be  B«ilid  with  truth  that  «wetf  medical  tana 
•ha aid  poBMam  It. — Loihdtm  JitidUial  Tittu-i^  Aug.  2$» 

Few  work*  of  the  elft«.<t  exhibit  ti  grander  monumpnt 
erf  patient  rw*earoh  and  of  xeientiflx^  lor*.  Thn  extent 
of  tli^  ffiite  of  thi«  Lexicon  \h  AutHciunt  to  t-eAtify  \o  In 
utefiilo*'^*^  and  to  lUi?  gre^t  ak-rvice  cutifyrr*d  by  l)r 
Kobiey  Dnni^li^oa  on  the  pritft^H^lijin,  Knd  Indeed  on 
oUMrs,  by  lie  ksaau. — Lomlun  Lancd^  May  13,  ii^ft. 
/The  old  edition^  which  Is  now  itaper^edM  by  the 
%  h».«  betfn  nalveriMtlly  looked  ujioa  by  ttiu  m'^il- 
prof«>iuiiQB  *»  a  work  of  immeuite  rwiieiirch  und 
_  livulue.  Tlie  ttf^iw  hae  inc reacted  ueofulnoM;  for 
isif^diiein'^,  in  ail  M*^  briinchoa,  hiiA  been  raakioj^  «ttcb 
progre*"*  ibiit  nittuy  uew  teriji«  and  aobjects  have  re- 
<M  M  irjir^nlucttd :  all  of  which  maybe  foutid 
I  h«  pre«eut  eJltiou.  We  know  of  no 
.  In  the  Hii^UhIii  langVLai^e  th«t  can 
•  <Q  with  it  in  point  orcoutpleteueiu  cf 
:t)j€i;U  Aiid  accuracy  of  statemeuL^jV.    Y.  J>Tug- 

\r  Circular,  ISfid. 
Far  maoy  year*  DtrntflUco's  Dletloasry  has  been 
lb#  standard  bouk  of  rererenoe  with  mo.%i  praclltiua- 
«r«  la  thin  uonutry,  Had  we  can  certainly  commend 
tlil£  work  to  the  ronew^il  conQdeace  And  regard  of 
oor  readera^^CTteciaiaafi  Lamset^  April,  IfiHIft. 


medical  diclloaary  httbertopubllvbed  In  thl»  country. 
— QhioQ^Q  Med.  SsamituTt  Pehrnary,  l^C^l. 

What  we  tftke  ta  be  decidedly  the  hoKt  medical  dtc- 
tionary  la  the  EngUNh  laugaage.  The  preheat  edillua 
la  brooght  fally  up  to  tbti  wdvaaei^d  »lat«>  **f  «cieiicu. 
For  mnuy  a  long  year  *'  IhmstUott  "  hnu  beoii  at  wnr 
elbow,  a  com^tant  eompanloa  »ud  frir>ud,  MUd  we 
greet  him  la  hl«  repleDl'*bcd  and  Unprvi^ed  furm  wiih 
especial  ^ai[i«fnclioii, — Pacific  M*il.  aiui  Surg,  Ji}Uf- 
nal^  June  27,  1S<W. 

This  i*,  perh&pi.  the  bnok  of  alt  others  which  the 
physician  or  fargeon  should  hnvu  on  hit  HhA|fe<i,  It 
b  more  aeeded  at  the  present  dny  than  a  few  years 
back, — Caruida  MtxL  Jmirtud,  Jnly,  ISflO. 

It  de*orvedly  afandv  st  the  b<oad,  and  caauot  be 
jiiirpa»ftRd  In  excel leoce.—JSwjfa(Jo  Mtd,  atai  St^rg. 
/o«.rn«Ij  April,  la63. 

We  can  MiaeefBly  commend  Dr  Dangliaon*!  work 
as  mMMi  tboroui^bf  Kcienlilllc,  and  ^ceunite.  We  h»re 
(e«ted  it  by  aearchiug  It*  pHgwa  for  Qt*w  turmH,  wbiuli 
have  abcatided  no  much  itt  late  in  lu^dlrtil  ucuien- 
clature,  and  our  search  has  b»<en  siicrexttrni  lu  rtvery 
luAtance.  We  b»T*>  be**n  particularly  *iruck  irlth  th« 
ralae<<«of  the  •yminyniy  and  the  accuracy  of  the  de- 
rivation of  words.  It  i<«  aa  necf^Mary  a  work  to  uvery 
eulkghtened  phyetcian  an  Worce^ter'a  EqjjII>Ij  Dlc- 
tkiuary  is  to  erery  une  who  would  keep  op  hif.  kui>a-^ 
Ifdgo  of  the  Emjllnh  lon^^no  to  the  HtMndard  of  Lite 
present  day.  It  im.  to  our  mind,  tbf«  mo«t  eompli^to 
work  of  the  kind  witb  which  we  are  aeqaaialttd. — 
Boston  J/Vti.  and  Surg.  Journuly  Jnaa  32,  lii;,^. 

We  are  free  to  coufeus  that  we  know  of  no  medical 

,ii,.n,.,,,.'"v  jQ^n-e  compl^t-  '  ' '■-  bfrtler,  if  »o  well 

the  use  of  i  tic  one  tliai  uiar 

d  with  moi  u  by  the  iiudlcAi 

,..ui. . .....or.— Jtm.  Jnut,  ^.  ..   ->.  .rncti^,  April,  Ia(l5. 

The  valtte  of  lUrj  prcKeot  edttlou  hs-s  been  greatly 
euliaaced  by  the  lulruducilun  of  tio^r  puh;,v-i:>  ^a^ 
lermif,  uod  a  ujore  coinplMle  eiyuoj]   -  mm- 

Ltoa,  which  renders  the  work  not  uifv 

and  d«*«lrjiible,  hot  indbspen»abie  ti->  i  .u.-^ 

(Jhirago  Jfcd,  Jimrnal,  April,  IS^'t, 

No  Intelligent  member  of  Ibo  prof '^^  ,n  ,  ,,  •,,  r  ^^ivi 
be  without  it. — Ht  Lotd»  MexL  and  Surj.  J  timtU, 
April*  1S8^ 

It  has  Che  rare  merit  that  it  certainly  has  no  rival 
In  the  English  langua<i«  for  accuracy  aad  BXteat<>t 
refsreneea'>^Lo»£t(>9i  Medicat  Gtuettt* 


fc 


JJOBLTN  (EICHARD  D,),  M,  D, 


A  PICTIOXAKY  OF  TILE  TERMS  IJSEI)  IX  MEDICINE  AXD 

THE  COLLATERAL   SCIEKCES.     A  new    American   edition,  revised,  with   nuraerous 
ftdditionp,  by  Isaac   Hays,   M.  D.,   Editor  of  the   •*  American  Journal  of  the  Medical 
Beteijcea.'*     In  one  large  royal  12mo*  volume  of  over  500  double-columned  pages:  extr^ 
cloth,  «1  fiO :  leather.  $2  00. 
jil  la  th»  b*st  b.i.jk  of  deflaiiiuas  wf  havf,  and  ought  always  tobs  mpoft  tM  it%daat*6  tabl«v— ^HfJWni, 


80 


Henry  C.  Lea-s  Publicatioxs — (Sargenf), 


rPOYNBEE  (JOSEPH),  F,R.S., 

■*-  Auml  Surgton  to  and  Lfdurtr  nn  Surgery  fU  St.  Mary*»  Hititpltnt. 

TIIK  I>ISEASE8  OF  THE  EAR;  thoir  Niilure,  DuisrnosU,  and  TreaV 

meot.     With  one  hundred  cri^riivinef  4»i}  wood.     Sepnnd  AmvHcAQ  cditioOi      In  tt^tvrj 
ha£td«oino1j  printed  octavu  VMtume  of  440  pHgei);  tjttm  cloth,  $4. 
The  ipj'tfttfniirr  nfn  TifirrjiP  nf  Mr.  Tuynbeu**,  tberw-  i      Th"  w^iiti,  it*  wuh  'imU'A  nf  th^  <snt**f  fif  fjtt- i««Jh, 


tort,  Id  which  n                                 i  JUpaAc  U  troiiled 

ItkA    1 

In  ihio  ino*i  titbit                                  '  .>ui-  knowlcit^>^  h) 

of 

re-p-rr  <m  !t   I'l                                         wUr,  thrj  TTlifrti 

-ur  ^ 

•0).- 

ll*e  vr,\\    L'.-,i>,.  In    },n  ,,,irM»ti|L:  Hi.'  "HITo-^/riu  *-*(   UU'lJiCIil 

rli^.. 

acieuca.— irfjnJim  ifetJtca/  Review. 

trUH 

niii. 

r  ^  URENCE  {JOHN  Z.l  F,  R.  C.  S.,    and      JfOOy  (nOBER T  CX 

■^^  EifUffT  nftheOi>tdJ*(afH(c  Review,  ^c.  ^^      ^  '--sStf^km&r^Ol^ 

A  HANDY-BOOK  OF   OPHTHALMIC   Slh^rhi,  tor  tf 

Frnt'tUinnifrfl^     With  numerou*i  iEIujstratiuns.     In  one  very  haniUome  ooiayo  »• 
cloth.     $2  50.     (Just  Issued,) 

No  fatiok  oti  op)itUiilii\i«  %nf\s,Ptj  wft4  iD<)r«  n^y^dcd.  {     Itfot  oalf^  il»  U*  muJnkt  llLl«  •ni:iw*t«,  •  '-{Ijal^ 
Ptt'^Jgtif'it,  rt«  fil  lia,   fr>r  tho  W!itil»  of  th<7  hwuj  priiuU-    Bouk''  nf  i^phihsLlmle  ^\xri^ry^  boi  as  wicc^ilvU  «ai 
tt//r't  of  pet ff^ctloti.     It  *<l:»U(>  I  tr*-l]  ^««»i^  <if  ivTl  thtti  I*  of  |*n^tk4l  f«}ir 

i»dtl<'ti(iil  tolU'^'oyn  inVct^jiir    lu  i  — JV»-to   TtirJIi;  Medtcui  tfommml  Br 

li  niHely  i 


tfnin*»r, 

llih**!*    nil 

nad  in*-'' 
tifiupr  rfiMliLv  ' 
oHol'iKug  hiin  I: 
troitiiiHMil      Al 
QPftniuly  to  hi* 


Ia  «  vrnrk 
.►f  * 


ThU  obJ[«"f  t  thfl  ftnthrtr*  Yia««  le^wBtttUvh^d  It  i 

liiiililv    */.n»rnr'.r.»  v    «(»,,  iiti'-r.    .,  rj  il    Wr     Lu  .^    ..  .  • --I 


Wp  cnrtliiiny  leeoinmwtid  this  !■' 
our    rt*;AiI^ri<,  um   coiitHttiit)|^   iiu  oxLi:.4li'ul  otitiku*}  ot 
tuv»()r>ro  ophihiklmlc  Aurger/.-^Ari/f^/i  Jfp<l.  Journal, 
(ktobor  13,  Ititid. 


Ibi- 


r>«  TT*9^:V  {GEORGE).  F,  R.  C.  S..  En^l 
INJURIES  OF  THE  EVE,  OKBIT,  AND  EYELIDS:  their  iRum 

diute   and  Bemoto  HfTeina.      With  abuu.;  oae  huadrod  illttsirjiiiunt.      Ia  <ayt  tttf  ht^ 
lome  octavo  volume.     (AVar/y  RfaAi^.) 
It  ii(  »ii  tt<hAkmbti.*frrtct)cat  b^n^k  tn  thn  hSffh«Kt  j»tid  '  fnlH' 
\i*i>\  *ened  of  dufl  phru'**^     C  «i>loui*ly  llIiHtrukMi  V«y     L.»^ 

doiicrlboU  OM«ui,  it  U  tfriiioD  ill  (dALn,  itliDpIo  Ian-    j»  r 

it»»»jj«'.  oinl  Id  n  *lyle  (b<^  ri»ii^|'«*r«'iJt  cl<'>irrji^ii«  nnd  i  grpji 

f|'iii(ikJi<>sa,  eo  I*>  -iH'iik.   '»i   w'!iK-li.  ioM    kir»Mi?V  l^    il-     nrf- 
Vl*lUtS  itttd  Uifpfii 

cutild  «o  write  , 

d«cl»ioii«   tttid    V      ^  1  .       . 

lUlftil  nud  htjjlily  fHlacM>i«4  ^ii4^«<^u  wrUiiitis  U\nu 


J'O.VES  (T.  WHARTON),  FR.S., 

THE  PKINCIPLES  AND  PRACTICE  OF  OPHTHAL 

CIlfE  AND  SUROEKY.     With  one  haiidred  Hud  soventeetn  illu«tr«itioii- 

Yi«ed  American,  with  Additions  from  the  eecuud  XfOXidoQ  tditton.     Ia  one  h«Liit;.'s»tue  <, 

volume  of  ihb  pag«fl,  ftXtm  oloih.     |^  2«>. 


lifACKENZIE  (W.) 


Surgffm  Of^nUMt  in  S<^o(htnd  in  ordinary  t&  her  Moji^y^  4w. 

A  PRACTICAL  TREATISE  ON  DISEASES  AND   IXjmtES 

TflE  EYE.     T<>  whieh  i*  prcfLx^d  nn  Anatomical  Introductiuu  e;i|iTATi«iorv  .  r  n  M,, 
Sec:tioii  of  the  lluuiaa  E^rehall,  hy  Taouxs  )VHAFiTn5  Jokkh,  F.  R.  S,      1 
rciviFed  and  enhirged  London  edition.     With  Notoe  and  Additlunt  hy  ADt 
M.  D.,  SuTgoon  to  Wills  Hfte^pitttl^  Ac.  itc-     In  one  very  larce  and  httiitlpdijie  vwtATu 
of  1027  pages^  exlra.  clolb,  with  plates  and  nnmerone  wood-cttU.     |&  ^0. 


OF] 


JjJORLAND  ( W.  W;),  M.  D. 


DISEASES  OF  THE  URINARY  ORGANS;  a  Compendiam  f>f  iMfl 

I^mgnoiiir,  Pathology,  nnd  Trcntment.     With  itlustrttiigiui*     In  uB»  iMTgm  ttiid  h«aiR0i| 

octAvo  volujuff  lif  abont  OOt)  ja^ef ,  extra  cloth.     $3  ^tl. 
T)»lc«ti  in  M  whole^  w«  f  AD  ivpri]nm(>ticl  hr  Mrtrtptnirii  I  of  rv*»fy  infii<11cAl  or  tnr^Ml  limtcttSoatr  — fHl,  ^■il 
j»P«iiaiaJiiiwnifery  de-lra-bUdddi iloa  10  iLtf  library  |  fbt\  ltc4.*Chif.  JUvitw,  A^l,  !«!•. 


fpAFLOR  [ALFRED  S.),  M,D,, 
MEDICAL  JURISriiiJDKXCE.     SLxth  American,  from  the  eighth 

and  reTii»«<l  London  editioD.     WUh  Notes  and  References  to  Am«rkAti  XHecisions,  by  CLI- 
ME NT  B,  Fbnrosk,  or  the  Pliiladelphin  Bnr.     In  one  large  ooUiro  voltltQci  of  776  pagetf, 
extra  cloth,  14  60  ,•  lentber,  S5  50.      {Now  Ready.) 
CoTijiderab1«»  ndditionii  hnve  bettn  mude  by  the  editor  to  tbie  edition^  comprising  some  ^important 
Bections  from  the  author 'b  larger  work,  '*  The  Principles  iind  Practice  of  Medical  ^tirisprudwuce,  ** 
aa  well  as  refAnsnGei  to  Aoieric»n  biw  and  pnicliee.     The  notes  of  the  former  editor.  Dr.  liarU-  ^ 
homo,  har«  ttkewbe  b««n  retainod,  and  the  wlmde  in  preeentad  n^  fullj  worthy  to  onaiiitniD  th«  < 
distinguished  poBition  which  the  work  haa  acquired  as  a  leading  te:xl-book  and  authority  ua  Iha 
ffubject. 

X  now  edition  of  ft  w*>rk  «rVnn'wl«»«1tf<»*?  ft^  n  stand*  I  elaborate  ireatl«ei. — New  T&rk  Medlksal  Rtcardt  Feh. 
ard  jiiifliorHy  or  '  V     r  nf  ibc    1^  1^07. 

English  laogii^  miro*  |     Tjjjp  pr©i#nt  edttlcm  of  thiM  ralnable  oiRDtDil  i-  a 

diic«d,  tiD   trln  '^''    ^"'^  ,  ffreat  iinproTemcnl  (^Q  tbo#e  wl.Uli  JiKV*   jMr.,,t.J  lu 

Jlat«*ri»pres<>iii]j.  u,.   ;r.v.r,u..,,  ,.  .5.  .ns^ri.  ,  .t  mi*y    »,,CDea(iiiilr»l»le  l(i<<lructl.>D    r  .Nhk-o 

fairly  b*  regarrj*-,!  u*  Ikje  rnont  compict,  comproljon-    ,j„<j  ^^e  dntlun  nod  rn^prjD  wU- 

nlrev  ftod  prucilcal  worJt  oa    medlnLl  Jiiri^pvkuJfOCft  I  iio»*ps  ba«  been  ml.l^il  h\  i,  nh,  r 

which  ba»  iMaod  from  tlie  preas,  mid  tU*»  onw  b«Mt    J^„^j  ft^mo  fifty  cu; 

fltipd  for  ttudeuU^—Pf^ci/lc  Med,  anfi  Surff,  Journal,    furmB  ted  mlcr  i 

Feb,  ISiW.  nj,  polifioiis,  ln*«Ti 

Introduced  f^verM I '_' I  I  r 

work.  **Tbe»  PriDcipb - 
prudence,"  reljifluL' t 
„t,y'     boo,  iDsunUy  a"-  1  I 

'  taauit,nodltfoii 
t<i  Iti  value-  It 
roU8  reft'rences 


The  xlxth  edition  of  thi*  popoUr  work  CfimeJi  In  nn 
In  eUrtruft  of  H  new  editor^  Mr   iVofnw*,  f»f  fbft  Philn- 
delphU'ltMr,  w>«.>  >:>•-  -i-f  *-  uim.-i,  1,,  m  n.u-r  It  ni<eful. 
not  Moiy  to  th»  1 
bat  to  tho^e  or  ilnlctit 

the   f*fer«*ticfH     ,    i 1,    TVr. 

HAr(8horut\  he  hn*  uddivl  itimtiv  vniuiti^Ui  ij<jt)<x  of  biH 
OWTJ,    Tli/»  rppotatioQ  of  I>r.  Twylor'w  wurk  in  hO  w<?'tl 


►  rf'Coinrn^uJAtlon.     H«>  Is 
trityoD  All  mutter*  cmn 


wit;,--.:   - "     -^  -   ■ 

know  t"it  tha<  hif*  u^^xt  cii- 
emcnti'ai'j'  fur  iti*  n-^e.  To  : 
tor-f-   1-.  — - r  ..  r-.i'.., 

W" 


cnwMtry.     It  m-A  i 

in  tbl*  deptkrliii^  1  .1 

irinTBT«ryr»c«^t«ivo  ,  «»**^  '^*"'fi'  Journal,  l>oc.  27,  18^*6. 
"■iv.  H  I'rohh  aMttiinince  to       Taylor's  Medical  Jurl»pmdftncA  Via^  i^.^.-n  «Tm  t**3tt- 
to  maintaiti    book  In  otir  college*  fur  y^arB,  hh  '  r  cJi-k 

i,  in  faet,  be    tion,  with  (b«vataable  additlonn  ri.  rn<!^rl*J 

ho  dtj«ii  not    can  editor,  render  it  the  mo«t  sluii    .;  .      —  nt  Iha 
for  lilm  an  j  day,  ou  lb**  pecnliar  proTin<r<<  of  meiitfriiuir  uu  Trhlcll]| 
not  tliw  for-  ,  it  treat*.     Th**  Amrricua  editor,  Dr.  H*rinhurro\  hnMJ^ 
inr*T*isrii.L'     .ii.ri.'  till,  ilutvin  n..i  ii^ti    Hod,  Dpon  the  whoU%  we'' 

tue  the  betit.  and  ritrhnit 
Lcnctt  In  our  lun^oag^.— ' 


TYLVSLOW  (FORBES),  M.D.,  D.C.L.ic. 


OX  OBSCURE   DISEASES  OF  THE  BKAIN  AND   DTSORDEBS 

OF  THE  MIND;  th«ir  incipient  Fyniptoms,  Patbolog^y,  Dia^^ociis,  Trentment,  and  Pro 
phyla^Lii.    iSeooud  American,  from  tbe  third  nnd  rcTbed  English  edition.    lu  one  haudeoiUA^ 
octavo  volume  of  nearly  560  pageit,  extra  cloth.     $4  25.      {Jutt  Imu^d.) 
Of  Ibe  merttft  of  Dr   WinBlow'n  treatlM  the  pmreB'  1  our  conrietlon  that  it  i<t  long;  ilnce  ao  Iraporfant  and 

beaatlfolly  written  a  rotnine  ha«i   Imh-  '  '-        "  .1 
Brltinh  Dtedlcal  prcj**.     The  detaltii  uf  \ 
meut  of  couflrmed  ca*.««  nf  iojianlry  jn*-< 
terest  tboA«>i  who  bnv^^  r-:    '     r  1  f 

fipecLiI  •iBidy  ;  bnl  jm 
Hon  of  thfl  early  fiyiiij  ,„ 

tloai  of  the  iD^IdiiJU^  au.  m-fi  01    inrij.n'ijl   llM.nil  .7,  J 

togpthflr  wilh  hlA  JndicloiiA  obRorTullotin  up  the  tr«.vt*i 
raeot  of  dt»4»rder%  of  tbo  miud,  HUould,  ir<i  ri^|tf«ifit,  ti#  ■ 
carffiilly  studied  by  all  wbci  baf«>  nodertui&ea  tba 
responflkblliiiea  of  m&dleal  practice.— iHi^ii«  Mtnliml 

It  Ifl  tbf*  nioii    <  1  ai»  valaabU  buok 

that  we  lift  re  t  It  U  truly  fuMCi. 

Dating— J rri.  ./ 

Dr.  Wlnwlow'di  work  wii 


1  liaR  AotHcienLlv  Ju<lj{i^iK    It  ha»  lakeo  t(«  plii<?e  la 
bi  front  rack  of  th^  workii  npoii  ibe  Bpe^inl  depart- 
Jltal  of  pructteat   medicine  to  which  It jw^fiaiiia.— 
t^nlnntUi  Jtmrttnl  u/  MrdiHnf.,  Mai-cbt  liiOd. 

It  in  an  int«r<r4tlng  ?ulame  tbrit  will  amply  repay 

for  a  car«*fal  pvrunal   by  all  inlellfjfout  reader*. — 

affti  Mtd.  Kr*jm/iwf',  Feb.  l&tfCJ. 

if  A  work  which,  like  ibe  present,  will  largeJy  aid 

"  ►  prncllllon.Jr  itj  r-  !■  '^ii'/lfjt'  -,iuii  urrtixtinj;  the  Ilrst 

■"  '  tnl  diaeaae,  U 

>i.iud4  earneat 

»t  of  all  who 

u,  and  have 

II   which   the 

ijij    fa  ml  Ilea 

'^0  thl* 


la»ldlou4  fldVJn: 
one  of  i^lIJl•''tl^' 
tfta^uu  aad    1     ,. 
PNi.«»kfaflad  iUi' 
..JHflfcr  Witrtakvrj 
iratftitw  aad  hap  pi  II ' 
an  largely  Inralvi^d.     \V»*  ttmii 
brlaf  and  a*»ceH*arily  rery  Imi" 
Wiaaluw'i  great  and  cbLtmical  v 


•jf  ifr.  I  aaiqne  position  In  ihi*  m> 
^  reMlng  |  tare  of  tbls  cauniry. — Li/tiu 


T  ocenpy  an 
vtkMil  liteia- 


ASHTON  (T.  ,L) 
ON  THE   DISJ5ASES,  INJURIES,  AND  MALFORMATIONS  OF 

TIIK  RECTUM  AND  ANUS;  with  remark**  on  Dabitoal  Constipatioti.    Second  A mericaii^! 
from  the  fourth  and  enlarged  London  edition.     With  handsome  iHasiratiou!!.     In  oae  ver 
beautifully  printed  octavo  volume  of  nhout  3(lO  pagef.     $3  2b.     {Jjttt  htited^) 
'Wit  can  Tt?cODimeud  this  Tolunie  of  i^t  >  n 

the  ^troii|re»t  l^rnia,  ase^atainlogaU  lli-  '  * 

of  i\w  paiholotry  •'^d  treatment  of  dlaea^      .   :._.  :  d 

with  iher<^tum. — Canada  Mtid.  Joum.^  Mar«b,  lotrtj. 
One  of  Lht»  mo«t  raluaMe  ipeclat  treatlte*  that  the 

pby«1claD  and  Nurgeon  can   have  in  bi»   library,— 

(jhicago  Mtdical  Examiner,  Jan.  1&«56. 


The  fthort  p<*riod  wMch  brt*)  elupt^d  filoce  the  ap 
pearance  of  the  former  Amerlrran   reprint,  and 
nnmeront  editl*''!''  (tntiii-K...!  ml  ki,. >!,.,.,<    ..1..  n...  i.^*|  ' 
argttioe&t**  wp  • 
le«Mue!»  of  any 

already  »o  fa vu :„..,.  ; ..  .^  .....  ,.,..j.  .^  — ^..^..v* 

M4d,  and  8ur(f.  Journal,  Jan.  ^  i»io. 


QAHPENTER  {WILLIAM  B.),  M.D.,  F.R.S., 

Kxamfner  in  FhyittHbtgif  and  0*m\parntiw  Jnaiomtf  in  ihi  UniTurwUy  of  London, 

PRINCIPLP:S  of  HFMAN  PHYSIOLOar;  with  their  chief  apph- 

cfttmnfl  to  Paychologv,  PnLhulrii^y,  Therapoaticp,  Uyjrietie  and  Foreusic  Me^lieiais.  A  new 
American  from  the  Ju^t  (ind  r^s'Ued  Londun  «dition„  With  a^iArij  three  hundred  iUuttrtitiim^* 
EditeKi,  with  additioni*,  by  FicAsris  Ochxbtt  Sititb,  M.  D.,  Profensor  of  the  Iti«tttalei  of 
Mvdicine  in  the  University  of  Pcnn:»ylvauiji,  Ac.  In  ont*  very  Iftrge  and  b^^ftutiful  octavo 
«'o1uni«,  of  about  900  liLrge  pnges,  htuid^Qinel^  printed  ^  eitm  cloth,  $5  50  ;  leather*  raised 
bftjids,  $6  50. 
TJf?  T  'rh' hI  cninpIiQinut  that  caa  bf*  <^xti'jii!.  .1  t.j        We  ddttbt  o«>t  It  Is  tle^Otied  ta  r«t»1n  n.  utrong  hold 

on  public  faror^  iiud  rr-m-ihi  tl\f-  ftimrlf*  tott'biMk  It 

W<»  barn  ft*  oftrn  -Ti.^Ui.,.    ;..    i.-i-t.i^   af  >  ^-s  r,^f,^^ 
tiipndrtri^itj  of  Dr  r«rr  ^ 


A:"^l  cninpIiQinut  that  caa  b(* 
:•■  i>f  Dr.  Ciiri^eiiWr  U  fo  i 
r  new  edU)i>n,  xTbtoli    ' 
rinfAftftloQ  ha«  enlloil  f  t 
■  ithonty  >-^Q  phywjii; 
1  HittKietit  \Tlil  ft-. 
Jilt  a  cgpy  of  it,— f '. 


Whh  Dr  Fmlth.  we  eonfideotly  bnllrf^  *'that  the 


Cb-O... ; ,..    .-......-^,.. 

—  St.  L^jhim  Mni.  and  SHr^f.  J'tttrtMii. 

This  abovft  tii  thf»  iW*^  of  <rlmt  U  einj^HjiHenny  fJk< 
grn*4  wurk  on  v^  '  it.l  wi^  4m>>  (-••ufrcluu^  Unit 

it  "trodtd  Um  j«  •,  ru  <ittL'i[(|>(  t'J  nUJ  4uy- 

thlUf  U  the  rr^   .  lA  inrutitvihb*  w^ii'k,  wnd 

can  oalj  M«r  to  nli  ^viru  irimtn   our  i«pintr>u  hii&  hdt 
InClu^aot^f  tiut  U  U  oyir  auihurUsf.—AtUAaitx  Mtd. 

JljUr'rtftf 

Ti  Hi^inoii^t  reUj^lHn,  Atid  thw  hf»i(t  boolT 

on  '  i<ich  ir«  kagw  of  ia  th^  KngLiitli  Uii' 


111'  jt^incjitt  b*"  AS  well 

o*  1  .,,,.^ tbc  TiAt)  of  inch  B» 

tn  ulr  of  pbyii1it|o«;y  kii  lu  refr'T*»nro  to 

1*1  LQd  practice  of  mudklQi;.— /ttn.  Jour. 

Ji^^   

A  e(>mp)tflf»  rrclopiedla  of  tblM  braach  of  «cinDco. — 
^7  TBS  SAME  A  UTHOM.  

FRIXCIPLES  OF  COMPARATnE  PHYSIOLOGY.    New  Ameri- 

ean«  from  th«  Foorth  and  Rev  used  Londun  Edition.     In  one  lurge  and  hand.^ome  octaro 
Tulntne,  with  orer  thre«  hundrisd  beautifiil  illuutrations     Pp.  752.    Extra  cluthp  $5  Oil* 
At  »  complete  luid  condenaed  treatise  on  its  extended  and  tmportatiit  ml^ent,  thii  work  becotnes 

m  Deoe«8ity  to  jtudeots  of  natural  *oionoe,  while  the  very  low  price  at  which  it  U  offered  places  it 

within  the  reach  of  all. 

OF  TUE  SAHfS  AUTHOR,  " 

THE  MICROSCOPE  AND  ITS  REVELATIONS.    With  an  Appeti- 

dix  contftiuing  the  Applicationa  of  the  Mienwcoiii*  to  Clioical  Medicine,  itc.  By  F.  tl. 
&MtTff  M.  D,  Illu^tratc'd  by  four  hundred  and  thirtj-four  beniitifiil  engrarinj^^  on  wood. 
In  one  Iatj^  Aad  very  hiutditome  octavo  volume,  of  724  |kage8|  extra  cloth,  $5  2.'i. 


2VDD  (ROBERT  2?.)-  ^' ^-  F,R,R,  and  ^OWMAN  (IT.),  F.R.S, 
THE    PHYSIOLOGICAL   ANATOMY  AND   PHYSIOLOOY   OF 

MAN.     With  about  thren  hundred  large  and  beautiful  illu^rationi  on  wood-     Complete  ia 
one  la.rge  octavo  Tolama  of  95f)  {mgea,  extra  cloth.     Price  $:4  lb, 

prtictitlonifr  cau  con^riK  relaUag  to  physbilogy.— A'. 
Y-  Journal  m/  Mfdi^ift^^ 


f  Todd  aod  B'^^wjaau  bare  l»i«g  b<M3a 
Mladvat  of  pbyAJology.     [q  LIiIia  work 
Wi:-  .«expertynr*>  ofthcsy  UborloiiN  phy;?!- 

Qh>-  ry  brnaeb  of  tbU  H^ience.     Tb»y  fare 

Mcb  "itl^'ict  LlHtmnnj;  thof'Tngli  adU  crlKcul  PXiimliia- 
JttVB  li^pforv  m^klnf  It  a  uiu Iter  of  record.  Thui»«  wtilU 
lb#y  ad  vnQcod  tardily,  *i»piireatly,  itt  their  pabllc^- 

lion*  tbe  wi^rlc  that  laMued  wah  a  complete  «xpon«>iit  i  subJAct  cif  their  cure 
of  i\n*  wcHeuceof  phyHWbii/»y  at  tU«  time  of  It*  finAl  l^dsfo  will  do  niof*i  • 
a|>p«Ariiiafr«,      We   enc^    theruforf!,    rfK;otaii}4»iid    thia  [  tioti^rA   thjvu   ttaytbin 


To  It  lUe  rlBtiK 
OWB,  in  gr«ut  «i 
All  tbo  ehlof  trrki 
And   working  ff 


work  a*  ooe  of  the  ma*!  reliable  whiob  the  «fcadeat  or  ^  Medi€i>-Ohirurgical  Rccitm. 


Tiitiott  of  niedleal  tawn  will 
I  liar  acqutf,ktL(j«uce  irlth 
il;  ih«  boaltby  fttrncinre 

u-l'ir1j  nr-  jii  r.riu  the 
I  aow» 
i-ictl- 


J^IRKES  ( WILLIAM  BENBOUSE),  M.D., 

A  MANUAL  OF  PHYSIOLOGY.     A  new  American  from  the  third 

and  improred  London  Edition      With  two  bandred  iUa.^itruttnns.     In  one  lar|£e  and  hund* 
some  royal  ISmo.  volume.     Pp.  d8tS«     Extra  cloth,  $2  25  ;  leather,  $2  75. 
Bj  the  use  of  a  fine  and  clear  typ«t  ft  very  larj^  amount  of  mutter  ha$  been  eondflniied  into  a 
oomparatively  small  volume,  and  at  its  exceediugly  low  pricw  it  will  be  found  a  ajo«t  desir&bl* 
miuiual  for  Ktudecits  or  for  gentlemen  desirous  to  refresh  their  knowledge  of  modern  physiology. 

It  li^  «f  iurr>  conr^nient  ia  sire,  ctim peahen iiir«»  in 
^'^  I'i^  la  Hsfct^meut,  aad  liltt'^nlher  w^^ll 

wA  <'  parposa  deaignodL— ^f.  Loutu  ]^ed. 

'if**'"    ■  rfial. 

'the  pbyftlaiogteal  evader  will  Aad  U  a  mMi  ox«el* 


Ifot   L"iiil»- In   Iho  cfiiilv  nf  i>hr-N.I 


leQ£i\i*itieiX.-'Edifiburffh  Mtd,  atk4  Surf*  Ji/urnaU 
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IlKNRY  C.  Lea's  Pi^blications — (Phy^iob^). 


iTic. 


A  TREATISE  ON  HUMAN  PHYSIOLOOV.  T).    i m.^]  r>r 

of  Stndeut*  and  Praclitionpr?  of"  Meflicine.     Third  edition, 
dred  illuBt.rntion*  on  wood.     In  on«  rery  beautiful  ootava  k. - 
$5  25  ;  leather,  $6  25. 

**  In  the  present  6<litio[|  of  this  work  ibe  gvnertil  plan  and  MTASgeiiitnt  of  tli#  tm^  fMmm  «mi 
ire  retained.     The  improvemetitj  and  a^tilitionj^  which  have  bchm  mtrodnccid  '      r.-^i. 

|K»riition  into  the  tejrt  of  oertitin  new  Oiot?  and  ili>coverie*,  reljUiog^  mmitilj  i  -iw 

ma<le  their  appearance  vj-ithiii  the  iiu«t  three  yearn/* — Atuhur**  Frffnm, 

The  rapid  demand  for  another  edition  of  this  work  sulTicienitj  ^howpt  ihni  ibe   :  -^f^ 

ceeded  in  hit  efforts  to  produce  a  teit^book  of  ^tAnd&rd  and  fw^rmnrn^n*  n^lw*-.  ^i  iit 

»  moilerate  oonipa^s  ftll  that  b  defiuitively  atid   poHiiively  1.'  • 

Phyfiology.     His  high  reputation  a?  an  original  ott'erver  ai 

again  rovi.*;ing  it  he  bos  introduced  whatever  ij?  neeeasorr  to  .  ,  .,  ,u  ..„.,.  ..  .  .  ,.  x.._i 
thfl  advanced  foience  of  the  day,  and  this  ha«  beea  accouipUahed  withoul  titiclttlj  Uivrtaittaf  tfci 
tise  of  the  volume. 

No  exertion  ha^  been  spared  to  mainintn  the  ilandard  of  typogrnphicnl  exeo>>'  ^>  te 

rendered  thi^  work  admittedly  one  of  the  hand^omerl  vtiluinus  a»  yet  prcKluced  in 

Wo  belief  e  we  fully  i 

Bowniaii,  rtUil  vi.n  w.^    , 
lh«  ! 

Id   Wi!  ! 

■luii?liclty  auj  j^nit'liicue-j!!  of  il^tiigu.  or  (L^le^unuo  of 
iirtl«(leexecuiiou. — Cfiicrt^o  MetL  ExnmintT, 

In  callluif  ^Utvotion  to  tin?  rvceut  patlkHiT.m  ..f  fk.- 
tblriJ  iidltion  of  ibis  book,  tt  wUI  niilj  1^ 
lo  iaj  Ihut  U  retuiuH  hU  tliff  in<?rll*  Mint  Pf  ^ 
Mil  mo  pijLn  of  Uie  two  former  i«4l\tvou'S  '>'> 

fatiilMiir.     The  dUUa^ubhed  nuthur  hn*  i 

li*%i  tuXX   tbu  Itnportuat  diKrorerllMH  lu  «x;    

ptiyiiioliiifry  and  Piuhryfiloijy  wlOch  \hvva*  n.\t\»^ 
duriiit?  thn  tii.9t  ihi'<y  vvar^, — Btttttoti  M*^L  and  rS 
^cmrn^ti,  Jutie  UO,  imi. 

The  nrrii  11(^01  (tut  of  thw  work  Xb  ex<»ell(»nt.  Th«j 
fjicf*  HO,!  (lif'urlfv*  put  fitrwArd  tu  it  it**  br^TisrhT  «f*  t^ 
T  tiraiv     ludrrd,  U  I 

Hie  {jtrOMt  Tlr*WS   iri 

ii,  written  to  a  cl«'i< 
111  n  -^fyi'-  TTlilcli   muk«»<<  11  uoi  <.<jiy  H  ik.i.a.:  ,i[ 
to  ihe  NludiJiit,  or  of  rc'Torenc^  to  thf»  medicul  |ii 
tir»u«r,  but  A  lioiik  whieb  niiiy  \*e  tak(*n  up  ad^I   •' 
with  boib  |«l<»A«ur»?  had  prolit  at  aay  time. — tViMu^/r* 
3fc(/,  Jfittmai,  OcIoFm-t,  ii|i.(ML 

fu  T)r  T).il'it|ij\  (>xi'-MHi,iit  tr^'-iii-t'"  w*'  ^^^vn  .io(»  nf 
tUi»  !■'■■■         I     ■'        ■  ■■Ml  lu 

ni'MlM  .1  lied  I 

((Hth..»r  hufl  •tir^ci'^'dod  In  RlvSiiff  Ills  i 
lujfty  accumto  iitid  Ht  the  naiae  Ikm 


To  Ihp  BtniletJt 


«tod.— 11^  Ufl 


rntnr. 


4A  *it  *ttit*-'r  - 


jyUNGLISON  {nOBLEVl  M.D., 

Pm/M»*/r  nf  InMitMtttJt  of  Hfe^Kotr^  in  J^Jl^ton  Medical  OtlUff^  PkffniUipkia. 

HUMAN  PHYSIOLOGY.     Eighth  odition.     ThfironjffUy  wrlieeil  iMl 

exteaaivtily  modified  and  enlargeil,  with  fire  bundr(«d  and  thlrty-tvo  Ulit«tf«tl4a«.    tPtA 
larg«  and  haadsouiely  printed  lajtAVO  volumefl  of  about  1500  pjn^w,  extra  eiol^    $T  M. 


TEHMAJSTN  [a  G,) 


PHYSrOLOGICAL  CHEMLSTRY.    Translatcfl  from  th*»  serood  iC- 

tion  by  Oeorok  E    Dky,  M,  D..  F,  R,  S.,  A43.,  edited  by  B.  E.  Ror^nii^,  M-  1'     I^r-i-^^  -! 
Chemistry  in  thp  Medical  Depariinent  of  the  Univerpity  of  Penns^ylranim,  w 
nelflcted  from  Funke's  Atlas  of  Phyjdologie&l  Cheaii?try,  and  an  AppentUx  ki 
plete  in  two  large  and  bundioine  ooiavo  volamea,  ooniAialug  11200  pB| 
hundred  illujtrations,  extra  oloih.     $6  00. 


wiih  ti«flT  t»^ 


^r  THE  SA.^fE  AUTIIOn.  

MANUAL  OF  CHEMICAL  PHYSIOLOGY.    Trr.n«T.*«-i  r^ 

German,  with  Notes  and  Additions,  by  J    CasSTOir  MountM^  M   ?  , 

Eriray  00  Vital  Force*  by  Profeaior  Samubl  jACKga^i,  M,  D.,  of  Ih  1 

vnnia.     With  ilhi.Ktraiions  on  wo<^.     In  one  rery  handsginf  ooiftTo  %uii4Mi«  ^  ASi  1 
extra  cloth.     |2  25. 


Henry  C.  Lba^s  Publications — (Chemiatri/), 
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JORAXDE  (  WM,  T.),  D,  C.h.,  and   r£A  FLOE  (ALFRED  S.),  Jf./?.,  F.B.S. 
CHEMISTRY,    In  one  handsome  Svo.  vol.    {New  and  revised  edition. 

In  pftst  /or  mr/y  pnhlit^tiot^*) 


b«en 


Iiifi«rmuti<tii  \>i  ri^veiil,  ami 

gUMg<*.     Itn  \w\rx  «f  *)*:tjf 

B>5nwsi    with    wh*.!   mrt»    Uf'V 

awJifpd  tn  *<iU-kiiiL»wu  fuctj-.,— 7'  "  '   ^ 

TMK    HAJfPBtJciBf   151    ChFIIIHTKT  -  '  .^.— 

tiici  •  '  fri^^'doui   (kola  \ivi\An\ty 

•ui  '  xL-buok  ooixitHM  imo  euui' 

^*-  ^     _.         '..  ,_  —  1'  ■  L  ■    <>L 

Tbo  ftofbitrti  »«(  ont  with  tbn  drflufto  piirpnM  of 
^rritkittf  H  ymnk  wljkh  ftliiill  h«  lult'D^lMc  to  tuy 
e*}':;-  .  .►  , —  ThUK  cotn!<*iTrd,  und  vurkfMl  otit  lo 
Ih'-  li',  coii!in«i'n->»<?tih«   m^ihml,  tliiA  book 


be  )■■  'MfnT 

la  vIm.'I,  . 
mode  *»f  ri 

ftill  to  pr-  I 

tl  is  tutetn.Ji.-.J^  tan  ti;'t!i*>I«r^r<'-.Ji.i»iiI  l:((gr  — rvnrfm 

We  hfit-.^  f^'T  n  lout  itm(?  felf  thnt  '!hn  |u«ipHriitinti  ] 

of  11  tiilc*!    ICTCl-}                              Null    WMUld 

Iwt  i  I  111  tkiiiu  hi  I                        J  of  »  nnral  J 

dii/'  '  ', 


TTH 


\v 


^ily  r4comm«iud  thl«  work  «s  oii« 


,     V    IV..    i.r    'I"-    IU..'t     ..-XptM  ..-iLrr,)     t.aCti"l-    .iC 


^0  WMAy  (jonx  e.).m.  d. 


PRACTICAL  HANDBOOK  OF  MRDICAL  CHEMrSTRT.    Editeil 

by  C-  L.  Bloxam,  Profe("(»or  of  IViicLictil  Chemij^trr  in  Kia^'s  Collet":*,  London,  fourth 
Amerii!an.  froDi  ttie  fourth  nnd  revleed  Kuglitth  EilltiuQ.  In  one  nont  volumo,  rojol  I2mo., 
|ip.  'dbl,  with.  niiDiorous  ill Ui!)tmtion8,  9Xtraclnth.     $2  25. 


irA«   pnutfd.    Tlip 
•(Bdeiit  of  tnndSntie 


iDV4fclunMe  (t'Xt-liniok  of  i 


Tb*  m^dii'&I  ft 
appiweJHLctl   pf.  ; 


£ 


r  TSB  »AMM  AUTHOR,  

INTRODUCTION   TO   PRACTICAL  CHEMISTRY,  INCLUDING 

ANALYSIS,     Fourth  Amorican.  from  the  fifth  nnd  re'viweJ  London  edition.     With  nuiuer- 
qvlB  ilJuitrAtioTiB'     In  one  neiit  vul.,  myal  l2ino.|  extra  olotli.     $2  25,     {JvM  /j4»W.) 


One  of  th«  mojtt  ctmriteto  uoioniils  (lint  Im*  for  ■ 
Inng  tline.  betfii  glrcn  to  Lhe  iiicdlcxl  itudftbt. — 
AthefMtHm, 

4f>ft|r#<l  la  «o   > 
II  i*  Uy  fur  lit. 

«.f  ^-v  i,n.,r  u-   ,.    ..;., ...  ^.   -;.__....  . 

'I  ..r.jidoctoTy  wurk  on  the  tabjcol  with 

iicn  Wi-  iir^'acqiialatfHi. — EfiirtLvrf/h  Monthlif  Jaur. 

ilht  titrl*  rjfiiUHw,  or   ainunul>  U  dp«V?i""d  4*Hpp- 

for  bej$(uatjr».     Wttli  tliU  tIow  ttie  natLor  hni 


'  jiMru'lMiOy  sfniT'T^n-'i!  tri-  h.uT,jS-cL-  ii.ju1  Khi-'lm- 


l.i  i 


i^.l.'d  by 
oreliot|[*iun,    In    < 
fit!  re  ml  viilimM 
tu  r*Md<\r  th«  w    1 
I  if  unch;  And  »••  • 


U<j)j   Wo    C'JIUI. 


I    coin- 1 

He  ,  111!  roDibhif  \ 
I  r#d  to  ll>n  Woi4tl  j 
cud  il  to  ih^m.—TlU 


QJtAUAM  [THOMAS],  F,K8. 


THE   ELEMENTS   OF    INORGANIC   CHEAHSTRY,  indiiding:  the] 

AppliPJitioni*  of  the  Scieuce  in  the  Art*.  N«wr  unci  mutjh  enlttr^e*^  editicni,  by  lipjiiit* 
Watts  and  ItjiiEiiT  BRinfins,  M  D.  Complete  in  oue  Ujk«  nnd  tuiudwouni  u<jtiivo  vdluinef 
of  over  BOO  very  hirge  pagos,  with  tiro  bondrud  and  thirty -two  vroodniuti,  exirti  clothe 
$5  50. 

)  II.,  eompletln*^  the  woric  from  p.  431  to  end«  with  Indax,  Title  MiktUfi  Aa.,  may  b«  had 
flep&rate,  cloth  backs  and  papier  fiides.     Priue  S3  UD. 


II  tm^.  In  il*?»rUftr  »!id  !»»*»  pt>rfeirl  f*d!itioim,  b«win  i 
fktnllUr  t'l  me,  and   tbc^  fxrAlUincc  of  Uh   [ilnn   Nud 
iHe  clfarii«itft  nod  eowiplcK-QCs*  of  tU  dibcatolooftJ 
Jba^e  1oQ(  ti«i>a  my  jtdintriLtioii.  | 


Afn^rd  to  he  wtthf*at  tbli  edllloo  of  Prof,  arabftta'e 

Tin*  WLiilc  Ijt  nn  Aduiir»bl4>  oua  Id  aU  r««prH-rn,  «fi4 
lk«  repi)l)tic»llon   linn*  rminol  {ti]l  to  «x^rE  it  pomltlvt  i 


£fo  reAdar  of  £n£Uab  work«  ou  tM«  selenee  can  I  laflovuco  upgJi  thoprug^^a  uf  scioavOlii  tUUcoaulry. 
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QUIFFITH  (ROBERT  E.),  3(.P. 

A  UXIYERSAL  FORAfULARY,   Containing  the  Methods  of  Pre- 

pnrini^  and  Adrainiitering  Of&cinnl  and  other  Medio  in  e*.     The  whole  adapted  to  Physieiflni 

and  PharmaeeutistB.     Second  edition,  thoroughly  r«vii»ed.  with  otimeron?  ndditinne^  by 

KoSERT  P.  Thomas,  M.B.,  Ppofe3f<or  of  Materia  Medica  in  the  Philadelphia  College  of 

Pht&niia<!y.     In  on«  Ifl^rge  and  handsome  octJi?o  Tolume  of  GbQ  pages,  donble-eolaGDiie. 

Extra  cloth,  $4  D(» ;  leather.  $b  00. 

In  thii  volume,  the  Formulary  proper  occnpiea  over  400  double-colnmn  page?,  and  contains 

about  5000  formulan,  among^  which,  beftidea  those  strictly  medicaU  will  be  found  numerous  valuable 

receipts  for  the  preparation  of  e«sencea,  perFoiu^fl,  inks,  Koaf>i!«,  varnlBhes?,  Ao,  Ao.     In  addttioD  to 

this,  the  work  containei  a  vast  amount  of  informntion  indl<7p«n(fabl«  for  daily  reference  by  the  prac< 

iising  physician  and  apothecary,  embracing  Tables  of  Weights  and  Meaauret,  Specific  Ornvity, 

Temperature  for  Pharmac en tiea!  Operathmft,  Hydrometricol  Equivalenta,  Spectfio  Qravitiefl  of  Rome 

of  the  Preparaiioni  of  the  Pharmacupwias,  Relation  between  difiTerent  Therm ometrical  Scaler, 

ExpUnation  of  Abbreviationa  uaed  in  Formulsa^  Vocabulary  of  Words  used  in  Prestcriptious,  Ob- 

ferrationi  on  the  Management  of  the  Sick  Koom^  DoAen  of  Medicinea,  Bulee  for  the  Administration 

of  Medioinefl,  Management  of  ConTaleflcenue  and  Relapfiee,  Bietetio  Preparations  not  included  in 

the  Formulory,  List  of  Incompatible^,  Po^ologrical  Table,  Table  of  Pharmaceutical  Namea  which 

differ  in  the  PbarmaoopoBias,  Officinal  Preparations  and  Directions,  and  Poisons. 

Three  complete  and  estendecl  Indexes  render  the  work  especially  adapted  for  immediate  consnl- 
tfiiion.  One,  of  Diskaseb  akd  theiii  Rkmisdiesi,  pretentfi  under  the  head  of  &acb  disease  the 
remedial  ag;ent«  which  have  been  usefully  exhibited  in  it,  with  reference  to  the  formulie  containinio; 
them — while  another  of  Pharmaceutical  and  Botanical  Namrs,  and  a  very  thorough  General 
Index  afford  the  means  of  obtaining  at  once  any  information  desired.  The  Formulary  itself  is 
arranged  alphabetically,  under  the  beads  of  the  leading  eonstituentit  of  the  prescriptions. 


This  Is  one  of  tba  moH  nvrTnl  book^  for  the  pr&«- 
UkIi^  phy<lc(»o  whif'h  hHdbefin  i««ia<*tl  from  the  praM 
of  l&tf*  yrvira,  tdotalaiu^  a  rnfit  Tarl^ty  of  formula* 
f*»r  the  mfo  artd  oooTeDi<»Qt  •dmlnli*tratloa  of  m'-dl- 
clu«s^  uU  iirmofeil  opoa  fwieptific  and  rntloaal  prlo- 
clple*,  with  Hie  qinintUlen  tstrited  in  full,  Trkhgnt 
Kf$u£  (tT  abbrevialioiiii. — Mcmithis  UtnL  Recorder. 


We  know  of  none  Id  onr  laogti&gv,  or  any  other^  ao 
oolDpr«h*^nsiTe  in  it»  detailB. — L<mdfm  Lancut, 

Oae  of  the  mut  romplote  works  of  the  kind  la  aay 
lailgnagv.^ — Edifthurj^h  Mrd.  JottmtiL 

Wp  lire  not  cngnUimt  of  the  exi8teno«  «f  •  parallel 
work. — London  MtnL  Cftudie^ 


^TILL^  (ALFRED),  M.D.. 

THERAPEUTICS  AND  MATERIA  MEDICA;  a  Systematic  Treatise 

on  the  Action  and  U*e-t  of  Medicinal  Agx?nt-s,    including  their  Description  and   History* 

Third  edition,  reTised  and  enlarged.     In  two  large  and  hnndsome  Otitavu  vulumc^s.     (Pr*- 

pnring  for  Hirly  pitUication^) 

Dr.  StU16'i  splendid  vorlt  on  iherap^^ntfea  and  ma- 1      Wn  bare  plared  flnit  oo  the  list  l>r,  Stille'ft  great 

t«H»  mcdica.'jLondon  MmL  Tiin^t  April  S,  IS05.       |  workou  therapeutlc».~JStfi«6t«r^/li  Mvi,  Jtrurn.^  IhfiiL 


J^LLTS  {BEXJAMLV).  M,  D. 


THE  MEDICAL  FORMULAHYr  being  a  Collection  of  Prescriptions 

derived  from  the  writing  and  practice  of  ninny  of  the  mo5t  eminent  physicians  of  Amcrii  a 
and  Europe.  Together  with  the  usual  Diel*'tic  PreparntiouB  and  Antidote«  for  P**i«onn.  To 
whieh  is  added  an  Appendix,  on  the  Endcrmie  ui«e  of  Medicines,  and  on  the  ui«e  of  Etb<*r 
aud  Chloroform.  The  wbole  accompanied  wilb  a  few  brief  Pbarmucpulic  iviid  Medical  Ob- 
wrvations.  Eleveuth  edition,  carefully  revised  And  muph  extended  by  RontnT  P.  Thomas, 
M.  D.,  Professor  of  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy.  In  one 
volume  8vo>f  of  about  350  pages.     $3  (^0. 

freqneatly  nntieed  In  tbi»  Jonrnal  a*  thr-  -M^--..^.,i^ih 

rdliiooA  npp^ttfred,  that  It  It  ftulliclebt,  iii 

OccMsiuD.  to  Btatu*  thut  the  editor  hiia  inr  ^ 

tk«  eleventh  ciUtloti  a  lar^  anionr'    •• 

derived  from  tho  uurrAot  medicftl  h  ,  : 

workA,  a**  w*-»ll  M^  a  aniul^er  of  vyli 

famltibed  from  prlviittf  •ourc***.     A  ^-ii.,  ^  .i..j-.i  ..•  u- 

Hlv^iiand  *'Xlr«?niply  imefal  Index  h»*  »!«»  been  -^np- 

plied,    irhitb   fiifilitiiteiM  reforpnoo  t&  thn  part^cu'ur 

artkle  Ibo  }ir(>»cribor  nmy  wlnb  to  aduitiii«ter;  and 

the  lanxnu^e  of  ibn  Forniuljiry  hiu  lje<*n  un*di«  to  for-  '^ 

reiifipoiid  wiih  the  notuQuctntitrf*  of  the  new  niitioujil 

Pbarm&copceL&. — Am^  /uur,  Med,  Sc(muxg,  Juu.  15«j4.  I 


We  eadnrwj  the  ftivorHble  opinion  which  the  book 
lia«»i>  (<^Q^  A^tablibhod  for  ItKolf,  and  take  this  occa- 
aioB  to  coium>md  it  t*y  onr  read  ore  at*  on**  of  the  ion- 
vaolenl  hatkdbook»  of  the  odilce  aad  library, — Cin^ 
eiMmilt  Loncet^  Fob.  156 L 

The  work  ha*  long  been  before  the  pToffls>doa,  and 
lilt  Bierit*  are  w«ill  kuoim.  The  pr«»<i(<Dt  edttinn  con- 
tains maoT  Tftlnable  addUionB,  and  will  bn  foiuni  to 
b«  aa  exceedingly  coiiTeulent  aud  U'+flful  vohime  for 
reference  by  the  mr^dlcal  practltioaer.  —  OMeaffn 
Mf*if*^  ExfimUusr,  March,  186*. 

The  work  i«  now  to  well  knavn,  and  has  beeu  ao 


jyUNGLTSON  [ROBLEFl  ^-^^ 

■^^^  Pro/efUtor  of  InMUitU^Jt  nf  MttlMnfi  in  Jeffimtm  MMical  Cnllege,  PhilmUIphifu 

GENERAL  THERAPEUTICS  AND  MATERIA  MEDICA;  adapted 

for  a  Medical  Text- Book.     With  indexes  of  R^medieii  and  of  Di?ea?es  and  their  Remedies. 
6ixth  edition,  revised  and  improved.    With  one  hundred  and  niaety -three  illurtrations.    Ill  ^ 
two  large  and  hatiilsomely  printed  oetavo  Tola,  of  about  1100  pages,  extra  cloth.     $6  60. 
^T  THE  SAME  AUTHOR.  

NEW  REMEDIES,  WITH  FORMULAE  FOR  THEIR  PREPARA- 
TION AND  ADMINISTRATION.  Seventh  e<Ution,  with  estenme  additions.  In  one 
▼«iy  large  ootaro  volume  of  770  pageg,  extra  cloth.     |4  00. 
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QROSS  (SAMUEL  D.),  M.  D., 
ELEMENTS    OF    PATlIOLOiaCAL  ANxVTOMY.     Third    edition, 

Ihoroughlj  revUed  and  ^reatlj  improved.     In  on<*  large  nnd  rerj  handsome  octuvo  ^rcducae 
of  nearly  800  pagea^  with  about  three  handred  and  flt\y  beaatiful  illu&tratiuns^  of  which  il 
]arg«  number  are  from  ortgiiml  drawiuis^s  ;   extra  uloLh.     $4  00. 
The  very  beaalifHl  expcntion  of  tbia  valuable  work,  and  the  exceedingly  low  price  lit  which  it 
is  {iflr«red,  should  commaDd  for  it  a  place  in  the  library  of  every  practitioner. 

To  ilni  fttud*>at  of  medicine  we  Wurtld  wiy  thnt  we 
k  a  on*  of  no  work  whtclj  w«  «iu  motft  Ut^jirtUy  <*t'm' 
iu*>nil  (ban  (iros«^M  PAthulugioil  Aa^tdtny. — SofUhern 
Mid,  and  Surg.  Journal. 

Tb«<  Tol QUIA  com uieudi  liMlf  to  the  mudleRl  ttadeoil ; 
It  vlU  npay  a  earefal  p^iruBiki,  aud  «Uoutd  lie  niniia 


niebntili-slitif  iif.'ircry  Aiuericaapbjiidfta.->C7Mr/«'4« 
ton  M<td,  Jattrnnl, 

It  cootikinE  luiicb  ni»w  matt««r«  and  bnii^  do«rn  oar 
kQiiwloJge  i)f  ;i«lholuf7  lu  tb«  latcwt  porivd. — Londu*^ 


J^ONES  [a  HAXDFIELD),  F.R.S.,  and  STEVEKliVG  [ED,  H.),  M.D,, 
A  MANUAL  OF   PATHOLOGICAL  ANATOMY.     First  American 

editinn,  revised.     With  three  hun«lred  and  iiinoty^seven  hnndsome  wood  engravings.     la 

one  large  and  beauiilully  printed  ootavo  roltime  of  nearly  750  pagaa^  extra  cloth,  $3  50. 

Oarl!ml?nr5  ^pricr^  a(nnn  rnsiriirns  uf  frum  QOtLciiig  ',  rttul  Ibrs  miml  rifccnt  Inrpstlgalioij^  pre*<?ulH  In  unlfl- 

mor-'  t«  tri^'Sited  of  lu    ci(>Dt  dotHil  for  the  ttudeut  of  lufcthdlugy.     Wi?ainh(>t 

tl*l-*  it  daeH^  an  excel-  I  ut  tlilj*  tlmn  aiid'TTako  a  formiil  iiQAlyntK  "f  itilB  tTM»- 

l^ni  -  nf  ka<iivlM.^o  III  J  Um*.   mm  it    ivuulil    InvoW*   a   ^'p'"'^''^ 

,  iitron^lY  111 

W#  h*Tpi  Umg  had  tieed  at  :i 


rudout  tho  !i< 

U    liL«    COQtt'Lit 


-J/.., 


trholo- 


tf  kn<iwlfMl.^e  III     Um*.   mm  it    wuuUl    InvoW* 
u  t^    iMin  't    too    coB»Jdynttlou  of  oi?arly  wvory 
tho-  •  would  ho<?li  iinnty*!*  by  Adyaii 


ret»d«ir,     Tlu'  wyrk  b  of  • 
pUyj-iclrtW  oujfhl  to  obtii 
study —iV.  1.  Jounmt 
II*  irnphirlMnre  to  t':M^  i 
eMIfUAtcd.  *n»d  »". 
tidd  It  l'»  [lifllr  ':' 
cftu. — Mt'tilr'/ii  M 


Mrti 


nri'l 


f-iVio 


T'^njcthy 
;  tiur 

liCKl 

..  vr.ry 


milt  bfl  too hlfibly 
uui<!iid  our  r<»*dtyr»  to 
i  M  llioy  conTL'ul«utly 


J^OK/TANSKr  (CARL).  M.D., 

Gnrtdirr  uf  thi-  Imjyrrial  P>ith>fio*jif'a!  Matrttm,  and  J*rQ/V#ii0f  c/f  th*  UntwrtUp  of  Vienna. 

MANUATi   OF   I'ATITOLOGICAI.   ANATOMY.     Translated  by 

W.  £.  8wAijfB,  EnwARD  SiETBKiNG,  C  H.  MoORE^  ttnd  Q.  E.  Dat.    Fouf  volomea  0<!taTo, 
hoand  in  two^  of  ftboai  1200  pages^  exlffl  doth.     $7  60. 


A 


f  GtnciE'S  ATLAS  OF  PATHnLO<irrAL  iriSTOLOnY. 
Trtttin)iiU>d,  wUb  Notfi«i  mid  AddUioiis,  by  J<mbph 
hZLU\,  M.  D.  Id  ottfl  yolniiio,,  tery  targo  linperfa) 
qaario.  with  320  copp'^r-p^it'te  figorec,  plala  BUd 
colored,  extrn  cloth.    $1  (H). 


SIMOX'S  r,EKEUAL  PATHOLOGY,  a«  poiidacUf^  to 
tb^-  E<t».bli«biiiciil  at  KHtiouiitl  Prlunfdo«  for  Ibt 
PreTf^ution  Hint  Ciiro  of  Di»Ni,AO.  lii  oae  uctikro 
▼oluiae  of  212  p«te«,  extra  elatb.    II  3a, 


i^lLLIAMS  {CHARLES  J.  B.),  M.  D., 
Prn/'-jniryr  *>f  Cttnfcftl  JfrdM^ts  in  Uniwerifity  CfJUffe,  Ltmdon,  * 

PEINCIPLES  OF  MEDICINE,     An  Elementary  View  of  the  Causes, 
Nature,  Treatment,  Diagnosia^  and  Progno#i«  of  Difwase;  with  brief  remnrkH  on  Hygienicp* 
or  the  preservation  of  health.    A  new  American,  from  the  third  and  revised  Louduu  edition. 
In  one  octavo  volume  of  about  500  page«,  extra  cloth.     $3  50. 
P 


tThe  ttoeqiiivocftl  favnr  with  irhSch  lhi«i  work  bft* 
|»eeD  received  by  tbe  profax.sioii^  botU   in  KuiMT-e  uh.l 
Inerlca,  fii  on«  anioDg  thn  muny  gru  I 
rbleh  might  be  addnct'd  i^  going  i 
»  atteady  progreHw  tHkiug  pljic<*  lu  t^i 
m-  la  the  art  of  taediclae. — St.  Louts  JlaL  ami  Suri/. 
Jonri%aL 

Ifrt  frork  hue  evpr  achieved  or  tniilQtalued  a  more 
dtfMrved    reputatloa.—  Virgiiidt    Med.   and    Burff, 

One  of  the  be»t  worki  oa  (be  iubjeot  of  which  It 
eat*  lu  our  lauKUcig^e.  | 

t  bn*  iilrif»iMty  rooiipnndf^d  tt*"^lf  to  tl»e  blufb  regard 
pf  tbe  profwj'^ioii ;  and  wp   wmy  w*A\  ^ny  tlmt  wo  | 
kn>.»w  of  no  single  volume  (hat  wilt  nifard  ibfl  notifee 
te»f  n>  Ihorouxh  a  drUlLni;  1q  thn  piincijtlirvN  nf  practlcw 
||M   iHi*.     Eitud^>Q(A  Aud   pfnrtltlioi«'rii  fclMiiild   rnnke 
|.themi<«»iv4»)i  Utillmntely  fniftiliiiir  ivUli   lU  i^rtchitii{t.— 
|t1ie)r   will    And   their   Iwhor  And   »ttudy  muitl  amply 
*-ejt*ld.— e(ncfi*n«/i  Jtf«ii,  (Ji?4*.iroer.  I 

Tilers  \n  no  work  (n  medical  llleratnre  which  eaa 
ih*»  pl«r©  of  ibU  one.  tt  U  tbe  PHmrr  of  the 
..nu^  prAcJltloaor,  tbe  Koran  of  the  ecleaUflc  one.— 
^flhosctipt* 


A  t«>xt-bi:i<<k  to  which  n<\  oth#r  In  our  langiiege  U 

Tbe  lii»ngthened  jinalysl*!.  we  have  gir*»o  nf  I>r  Wil- 
'liiTn»*ii  Prlucl flirt*  tif  j^lndkloe  will,  we  tn4»t,  ele#rly 


prove  to  oar 

lavk   he  hii 

•tndetiU  a* 

lioner,  a  ku..'.*  i- 

patholot^y  on  wln< 

fiHioded^     Th*»   Ml 

mujst  be.  evldftil  t<;  j^»i   vsn'i    ; 

Tiif'te  einplrtdfim.     We  mnnt  >■ 

pr*>!!i«ifne  onr  high  aen*e  nf  the-  >  >■ 

Dp   WIIHiiinH  bit*  conTerrM  on   u:>-i\ 

ll«iilfoti  *ff  thl*  work.     Wi">   ar(i  ft- 

prr<.«'nt  Nriilft  nf  nnr  kni>w|r'i1ifn  ViU  p 


perfect  pompeteiiey  for  the 
—thai  of  Imparting  to  ihe 
it>  iTior«4  eTp<'ri*"ac«d  pracM- 

.  I  ,    .     .  . ,     -  r'neipJi*-*   of 

>  u  ciiu  be 
I    »   work 

it».-va 


;  iib- 

ih« 
i.dS- 

■  u:»a 


20 


Henry  C.  Lea*8  Publications — {Practice  of  Jfeiicine), 


pOBEBTS  (  WILLlAM'i^  M.  />.. 

A  PRACTICAL  TREATISE   ON  URIXARY  AND    RENAL  DIS- 
EASES, includiwff  Urirmry  Bepoaits.     Illustrnted  by  nnrnvrooa  cajSM  aihd  rnn^nt'vh^    U 
one  very  handsoiue  oct^iro  volume  of  516  pp.,  «xtra  clolh>     S4  50.      (*ft.[t*  /ttfiW.) 
The  want  has  for  aomo  time  been  felt  of  a  work  whicli  should  render  ft4see&«r  Aatrfca* 

(rare«^ion  in  n.  compendious  and  convenient  fonu,  the  result?  of  the  iianit-  iis|Kffiatf 

e.^enrchcs  which  huvi!  of  lat«  years  elacidiiLtei  fbe  pAthoto^  of  Crinury  And  HenH  I>L*««f««.     1^ 
ktts  been  the  Aim  of  the  nuthorin  the  present  volume  to  fet  forth  io  a  furm  iltirvflcd  «>r  Ukls 
ecbnicality,  the  practical  condition  of  the  subject  in  it«  m<i':^  »A\.tr^<->-*\    iiv.»*  r.f  »,r.-.-.»*.;.      [g 
[ftndeiivoring  to  aeoomplish  thl8»  he  ha*  refrained  from  crowd  u  'si 

"ind  phy?[ological  detalla.  which  would  unfit  it  for  itfl  object ,  4r 

iln  bis  (inity  pratstice^  and  to  the  !(tndent  ft  condensed  and  intelligible  i  :  i» 

practically  iniportnnt  on  the  fubject.     To  aid  in  thie,  numerous  ooaes  mn  m 

'citroduced  throughout  the  work. 


la  carrying  out  this  denigo,  ho  has  not  only  made  i 

fa^  uKf*  of  hts  oiru  practk'Al  knowltKlge,  but  hiw  ' 
.<  fhArfrtini  rarldDB  Bourrp^n  T&«t  ntnonnt 
n,  fome  of  whkh  U  not  jjieti&niHy  po*. 
uo  profpmHtoii  In  tbta  country.  We  rouni  I 
bring  our  notice  of  lHi»  book  to  a  close,  re-  ' 
T^tftni?  only  that  we  »re  obllfed  la  reslct  the  temp-  | 
In  f  tin  nf  -Mds  farther  extmctfi  from  tt.  Pr  Rcihprt«  ' 
i  cm  s«Tt$ral  occit«iiou§  j'l  i     ■'<''■. 

I  iH.  resultM  of  re*eiirchi?Ji  i 

\  ii<sGuuuecl^d  wUh  tbcuriu  i 

Ljp'l  y  [■<  "'Xjn'ct  from  him  ^omethiaK  s""^!— lu  w-lrjrii 
aajcptNLHfllion  win  h»v«  br*«ij  by  uy  in**nufi  dhApt>i>ioled,  I 
*Th<!i  latjHjk  \n,  h^yond  question »  the  miMt  compreben-  | 


fliiro  work  on  nrfaAry  aad  nmnJ  d1i«w«M«^  4^>ft•iiN[rfi 
In  tliHr  Ktricity  pmctl<tal  »4p<fi€t,  tlt4f  we  pi  mi  Mi 
the  KnglUli  Uiica>se.— IfHIl^  MaiHatl  /«v^ 
Dec  ft.  )B65. 

Wp  hnr««  Ti^nrl  thT?  IsrvAlt  tHtTi  tr-iu*!^    wrt*^#*l^ 


«*^  "Bird  on  Urinary  Deposits,  ^'  being  for  the  present  omi  of  pnnit  gvaUmnan  wiQ  fad  islli 

ftbove  work  a  trustworthy  substitute. 

BLOOD  AIVD  UBIIf E  (MATftTALS  OJH,  By  JL  W. 
Garrrriu  G.  O.  Hnuk,  mn4  A.  M^aavim.  ^ 
yolutoe,  royidVimo.t  eattrA  clottiu  wU^  ttiTir  M^ 
460.    ft  23.  w  WW 


MORLANT*  nN  THE  MORBin  EFFECTS  i>V  THB 
KBTENTION  IN  THfi  BLOnu  OF  THE  ELE- 
JTEXTS  OF  THE  CRJNART  8ECRET10X.  lu  yae 
■miiU  o«tavn  volume,  83  pt^s^it,  extm  cloth.  lH 
oeati. 


J^  M*-A,  .Supf^rluJUindf\ni  of  tJm  Itewm  hnnnlic  Atiylunu-'-^  VittHiug  Hffdt4*'tl  Ofhyrr  tf^ikt   i  .rt  £.cr^ 

A  MANUAL  OF    PSYCHOLOGICAL   MEDICINE;  coir  ht 

History,  Koaolopj,  Description.  Stntietlcs,  DiagnoMft*  Putbolopy,  and  Tr«.,.„.  ...  -.  Iv 
sanity*    With  «  Plate.    In  one  hacrlfiome  octavo  votuiiie»  of  &3d  pag<ee,  ezlm  etotlu   #t  ^ 


B 


UDD  (GEORGE),  MB. 

ON  DISEASES  OF  THE  LIVER.     Third  American,  from  the  tlUrd 

and  enlarged  London  edition.    In  one  very  handsome  octavo  volume,  extr»  el<»th,  wiUfrs 
beautifully  colored  platet,  and  numerout  wood-cuts.    pp.  50Q, 


$4  00. 


TONES  [a  HANDFIELDl  M,  D„ 

.  ^  PUtftit;Utn  /o  St.  Mnry'9  H'**})Uot,  ^c. 

CLINICAL   OBSERVATIONS    ON   FUNCTIONAL    NERVOrS 

IllSOKDEKS.       lu   one   handsome    oolaru  Volume  of    S4B  p«gef«   m%trm  elollk,  fl  & 
{Now  Ready.) 
The  wide  »co|:ie  of  the  treatifie,  and  its  praclioal  character,  aj  itlttiHirMed  hy  tW  lane  b^Mt 
of  cu^e:«  reported  in  detail  by  the  author,  can  hardly  fail  to  reader  il  excoedtngjlj  lalHyili 
the  proftfffiion. 


HARRISnjf^S  ESSAY  TOWARDS  A  CORRECT 
TdEoKV  OF  THE  NERVVJt;^  Sli5TE.TiL  In  one 
octttvo  volume  of  2112  pp.     11  .V>, 

BOLLY   ON   THE  HUMAN   BttAm;    H^  Slrnctare, 


Fby>iol4i«y,  aad  inc«u««.  Pk^MH  tis  9mmm 
moch  en  larked  Loft4oB  «4l4lc«.  !•  «ae  < 
voluoiQ  of  ^00  p«ci*««  vllJl  im  «««4-iil«: 

cloth,    ft  do. 


^MITU  {ED  WARD),  M.D, 

CONSUMPTION;  ITS  EARLY  AND  REMEDIABLE  STAUL:*.  il 

one  neat  octavo  volume  of  254  pages,  extra  cloth.     $2  2J^. 


gALTER  (H,  Kl  M.D, 

ASTHMA;  its  Patholoofy,  Causes,  Consequences,  and  TnsatmeaL    la 

one  volume,  octavo,  extra  cloth.     $2  50. 


JgLADE  (D.  /).),  M.D.  ~ 

DIPHTHERIA;  its  Nature  and  Treatment,  with  an  account  of  the  iii*^ 

tory  df  it«  Prevalence  in  varinus  Countries*     Second  »nd  revlAed  editioo.     la  ««■  mmi 

royal  12mo.  volame^  extra  cloth.     $1  25,     {Jwt  tinned,) 


ffEXRT  C,  Lea^s  Publtcattons — (Diseases  of  Ike  Shm). 


r/LSON  (ERASMUS),  F.ltS., 

OS  DISEASES  OF  THE  SKIX.    The  sixth  American,  from  the  fifth 

&nd  enlarged  Ecgliith  edition.     In  one  Inrge  oot«TO  Tolome  of  oeiirij  TUU  pnges^  exlm 
cloth.     $4  SO-     Also— 

A  SERIES  OF   PLATES  ILLUSTRATING  "WILSON  ON  DIS- 
EASES OF  THE  SKIN;"  oonsislmg  of  twenty  beaatifally  executed  jJatva,  of  wlneh  thir- 
tean  are  exquigitely  colored,  presenting  the  JJormftl  Anatomy  and  Pntholi>^y  of  (he  8kif>, 
and  embracing  occurute  representations  of  about  one  bundred  vatietiefl  of  disease,  njost  of 
ibem  tlie  siie  of  nature.     Price,  in  extm  cloth,  $5  50* 
Also,  the  Text  and  Plates,  bound  in  one  bandi>ome  Tolume,  extrft  eloth.     Prie«  |0  50. 
Tbi*  claitical  work  ha*  for  twenty  yeara  occupied  the  portion  of  the  leading  aaihorUy  on  enta- 
neons  dUen^ei^  in  tbe  Englisb  language,  and  the  induflry  of  the  author  keeps  it  o«  a  level  with  lb© 
ndvauue  of  Belencfl,  in  the  fre<|iieut  reTisiona  which  it  receivea  at  his  hand9>     The  large  ^Ixe  of  tbe 
volume  en ablef  hi m  to  enter  thoroughly  into  detail  on  all  the  subjecle  embra(?ed  in  it,  while  iU- 
v«ry  moderate  price  places  it  within  the  reach  of  every  one  interested  in  thif  department  of  pra<)ti0e. 


Stich  ft  work  is  the  one  bwfore  nt  Is  a  roost  eaplta.1 
[  ftnd  MGir#ptabl(r  help.  Mr.  WflRon  hae  long  been  held 
'  m*  bljMjti  Kotliurltjla  this  tl^partmeDt  of  raedicine,  ftod 

liifi  Ii4«uk  oa  lilMiMieA  of  the  flkin  hiis  Icrng  been  re- 
i  gnrded  m»  uue  of  ibe  be*t  le^t-book*  leixtAtit  on  the 
\  anbjeot,  The  present  editioa  le  omrefoltx  prepared^ 
I  ftnJ  Ttr.ioisht  npin  ils  reviiilou  lu  the  proceal  time  la 
[  |liir^dlili>.>n  wo  have  alno  iuc'tl1dt^d  lhf<  beimtlfal  fienciFi 

«f  jdnl.'^  UtiiHtrutliro  of  thf  text,  htitl  \u  the  l»i*t  edi- 
[  tlniLi  publUtied  spparttlt^ly.  Thftro  Rre  twenty  of  theoe 
I  ifliiie-^,  neurly  all  ii(  thfin  colored  to  Di^ture,  and  ex- 
LtltiUkO(|r  with  gnfAt  fidelity  the  TaHeu-*  n^ronpi  of 
[  di^r'Ht^fOA  treated  of  la  ihe  had/  of  the  work.— CTn- 
^  tpinnaii  Lfinett^  June,  IS^. 

Ifo  one  treatlas  flklu  dUeMe«  should  be  irUbeut 
.  copy  of  thi«  slandard   wtirk>  —  Canada  Lnncfii. 


We  can  ftafely  reeotnanieDd  tl  to  the  pr'Tf^jj-wlon  ae 
the  best  work  on  the  «ab}oct  now  In  ♦•xi^tc^nee  la 
the  £ngllaL  lanfuage. — Mtdical  TimfS  nnd  GatatU* 

Mr.  Wll»oB*«i  rolnmo  is  an  excellent  dl|!;<vst  of  tlM 

Httiiul   uuiiiimt  of  liui..Kr;.^i|*:i'  of  riit.niei'U">  dlHettmMi; 

Liporlanefl 
^f  of  the 

The«e  platen  are  very  accurate^  and  are  exeonted 
wtth  an  eh'^t  nee  and  taste  wfalob  are  \i\^\%\  v  I'redltible 
to  I  heart iHtic  *k  111  of  the  Aroorirau  artitit  wUoexeeaied 
tbMn. — St,  L'fuiA  M*id.  JnunifU, 

Th"  drair^h^-s  arp  n^iy  pf^rfpot,  and  the  flnl»h  and 

I  '  ii4i  voluniA  li»  an  indlo- 

i*k  It  lUui^tratea  aad 


B 


r  Tiis  HA  .vs  A  vTiion, 


TUK  STUDENT'S  BOOK  OF  CUTANEOUS  MEDICINE  nnd  Drs- 

■ASES  or  TBB  SKIN.     In  one  vary  bandjtome  royal  12mo.  volume^    $3  iiO.     {Non*  Rtati^.) 
Xki\n  new  rla^w-book  will  be  nduiirablj  adapted  to  j     Thartinghly  practical  la  the  beat  euuttu. — Brit.  Jfc<l; 

jor  T!fK  SAME  AUTHOR.  

nEALTIIY  SKIN;   a  Popular  Treatise  on  tho  Skin  and  Hair,  their 

Preservation  nnd  Maoogement.     One  Tob  12mo.,  pp.  291,  with  illustration*,  cloth.     $1  WO 


N' 


I 

JOi 


ELIGAN  (J,  MOORE).  M,D.,  M.R.LA., 

A    PRACTICAL    TREATISE    ON    DISEASES    OP    THE    SKIN. 

Fifth  Ameriuan,  from  the  Fecond  and  enlarged  Dublin  edition  by  T*  W.  Beleh<*r^  M.  D* 
In  one  neat  royal  12mo.  rolnme  of  4(12  pagea,  extra  cloth.     $2  25.      {Jn»t  Ltinrrf.) 

Of  tho  ri^malndor  of  the  work  we  have  nothing  be*       Thin  idKlmcilr**  Ultl**  rolwuif*  appear*  udc**  more. 

;rimd  nitqunltfled  commeodatlon  to  offer.     Il  is  bo  far  '  ^'i' '^    "      ■*-■>•>■     r  i*.    »i.n ,i.«    .i   ...n..,    h,..  .nj^y 
hf  itioM  oompleti^  one  of  i(«  -ilie  that  hsa  appeared^  nd 

l^oil  fiirtlip  -itiidout  thc^reCAQ  be  nouo  which  can  coxo-    i  l«d 

pure  Willi  1r   !■-■'— 'I  valne-     All  the  late  disco- 1  l^,v  uj.-  k^.i-^r-iii i.u  i^r,,„:,.,^s *  ■  '■^■11* 

verte*  in   f'  l^aTt*  been  duly  noticed,  snd  I  gan.    ThiK,  h*»weYer,  bau  not  fto  tnr  iii  ilk 

fbf^ir  valu<  ited ;  in  a  word,  the  work  U   a*  to  de*troy  lU  repiitalloo  a«  the  i'  -ut 

fully  ap  to  ii,r-  ..^i,.  -.  ...id  Is  Ihoroa^bly  <ttocked  with    manual  of  dl^easex  of  ibe  «kln  that  i;«..  "-■  ,.   ,  ,if<*il 
inowt  viiltinbte  lQfariiiatioa,-»^«i0  York  Mtd,  Record^  '  by  the  atudeuL — ClUcanf)  Mtd.  Juumai,  LHse.  latKt^ 
Jaa.  1.%  1S07.  I 

or  TUB  HAMS  AUTHOn.  

ATLAS  OF   CUTANEOrS   DISEASES.     To  one  hcantifnl  quarto 

volume,  with  exquisitely  colored  platea,  iLo.^  presenting  about  one  hundred  varletief  of 
fli.Hea*o.     Extra  cloth,  $5  60. 


The  dtognt^Aiit  of  erupiSve  diA*ito-'*e,  however,  under 
^11  clroMHi*t4*uce«,  t»  v(*ry  dlfflcnlt.  Neri'rthelefs, 
©r.  ?f*'H^u  has  certain ly.  "a^  fur  as  possible,*' giv-en 
%  fHStlifitl  ^r"\  ;ircisr.i1ii  rf^preventatlon  of  this  cla«»  of 
dU*'-  Uim  DO  dMUbt  that  tliriite  plate* 

"will  '  -' iftludt*' at  and  practitioner  In 

drau     _  ^  I  ^  thf  <;Irhm,  ofd»»r,  and  dpeclea 

to  wblcti  tba  iv^niiulur  esse  may  beb/n^  While 
looking  oTer  ine  '*At1a*"  we  hn,ve  twoo  induced  to 
ei^iAine  also  the  **Prnctleal  Trwiii»-c,'*  and  we  are 
~  loliotd  to  consider  it  a  Tflry  *Tiv>erlf4r  work,  eoto- 
Violas  aa«arat«  veibal  description  with  sound  Tie  we 


of  the  pathology  and  treiitinent  of  eruptive  dUpa«eis. 
It  poi4iu^«>ii«fl  the  merit  of  slvhiif  whort  wwd  r'i»iid*»nMd 
dencHptloDN,  avoiding  the  tedtons  mlnut'«uei'«  of 
many  writers,  whUe  at  the  Jtame  time  thf  wtirk,  aa 
llA  title  iaiplie«.  Is  strictly  practical. — G'liDiffow  Med, 
Jtiurnat. 

A  compend  which  will  Tery  much  aid  the  praetl' 
tlouer  in  thU  ditftcolt  branch  of  dlaguotls,  Tflkoo 
with  the  bcaotifal  plates  of  the  AtlM.  which  are  re- 
mnrkaMe  (or  their  acmracy  and  beauty  «f  cHjtortuff, 
It  constitnte^  a  very  ralo»ble  addition  ti>  the  library 
of  a  praetkal  ma.ii'~^Buffal4>  Mtd.  Juurnul. 


TJILLTER  (THOMAS),  M.D,, 
HAND-BOOK  OF  SKIN  DISEASES,  for  Students  and  Practitioners. 

In  one  neat  royal  12mo.  Toluni«  of  About  3t)0  pages^  with  two  plates;  extriL  cloth,  $2  25« 
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JLfElGS  { CHA RLES  P.).  M.  B., 

LttU  nr'^/cAiHir  'ff  a'iJtMrif'n,  *'\  ^i  Jif^erxon  yifidieal  f^ittfj^fft,  Phila<Mphi(t. 

WOMAN:   HER  DISEASES  AND  THEIR  REMEDIES.    A  Series 

of  Leature^  to  hiK  Clti^».     Fourth  aod  Xmprovcfl  etUlion.     la  one  lurit^  and  beAutlfuIly 
priijti'd  o*»tnvo  ^rtlitme  fif  ov<?r  7f)f>  pnpt*?^  ejctrii  doth,  $5   00  ;  lf*(itber.  $rt  UO. 

mum  fbr  imi»roTfl- 


U  ■'..■■  ■       '- 

foarlm  eJUi'Jii  ill  t»  poiiod  nf  !<■'-*  tkuu  iw^ive  j-j'^r^i. 
It«  Tintit**  hrt-s  be'»r)  tnufh  rtnhicne«»<l  by  mnny  linpor* 
t«Dr  ai|iHtiou«i.  nixl  It  ci^utHtui  u  TuDd  «if  ii-:*  ful   in 
f<irnAtto4i,  fottveyed  tn  mu  ••tt'ty  An-I  •!■  i 
B^rry  loplc  dMcu-****'!  by  the  mithor  \- 
pUin  H)t  ti)  be  rekidily  ttodtirKtofMl  hy  f  ^ 
*nd,  f'"»T  our  rtwo  part,  wn  con«h!**r  it  uot  «ful y  o»u?  *tf 
Iho  iuu«t  ri'iuliible  uTbook^,  bui  ua«  of  pril<^elv«<ii  vulii^ 
to  Ui^t  prActUlotKT  i!»u<CHX«tl  iu  lh*»  pruriire  of  (hone  , 
(U!i«&«««  p^eoullATto  l«jzkftle<i.— X^Tu.  Med.'QHr,  He-  \ 
vUw,  ^ 


W»  fffRfi  thfl  hotik  *ud  fliul  hJra  mofn— itn  nHi^adl  tin 
Utltiki^r,  hh  elr>t|U*»ut  fXfJonu<i»'r,  anil  %  (\uMo\\it}\ 
fircurlttkiiier,  Tlio  book  i*  biii  iir«lT»>  yeari  old,  but 
U  bit-  lie«a  iKi  inttch  ik]>[>rt«ciiile(l  by  i\m  f>r.ife«*^ion 
tlint  edition  art«r  edltlim  hii,»  b*<eu  dHUiKudi-'dt  iiod 
jBoir  (h«  fuurth  I*  au  lb«  Inlde  by  u».     W«  n»cijm- 


nipud  wji ' 
of  Ji  Wnri 

WofTyet  ibU  now  odtUob  of  0r.  Kitin**  w^ork  on 
w^anmu  with  much   pi H** urn,  aa<i  t:otjim«ud  it  lu  Iho 

.  .  f.    ,   ..     —  .;  .11^  .     *i,,,  y„,],og„r  m^mbirq,  who 
>-    1.^    lu-^trocfbm    fMon    U«  i 
itjg  fctyJo,     Th«'  i-;vehin*  J 

the  ht'JxA  uQd  ln?*r(;  of  the  ^wihot.—Chicag*^  Mtdirnt 
JttumuL 

Tho  rnlft^  of  tl  lowcriWd,  tli  l1 

oplnbin«»  ln»r*  «  ■  g^npial  *!;  I 

'    '        «tvr-n    !■.  '.  n. r>',  tirVfir.  ■  , 


'  i  i         ■  'J  ] 

nmvu^T  without  jirtillL. — CfuirUtion  Mrd.Jt/urHal  arvi 


JJY  THE  SAME  AUTHOn,  

ON  THE  NATURE,  SIGNS,  AND  TREATMENT  OF  CHILDBED 

FEVER.     In  u  8ene^  of  Letter^s  adilre!'«i«d  to  the  Students  of  hi?  Cl&AS.     lu  one  hund«ome 
ociavu  volume  of  'Siyb  pogeai  extra  cloth.     i2  tH)» 


fjnUECBILL  (FLEETWOOD),  M.  D„  M,  R.  I.  A. 

ON  THE  DISEASES    OF  WOMEN;    inclmlino:  tlinao  of  Presriiancy 

and  ChililWL  A  new  Atiiericun  edltmu,  revli<ed  hy  the  Author.  With  NoIpa  nnd  Additiunj!, 
by  D.  FuA?ici8  Condi E,  M.  D. .  nuthor  of  "  A  Prat*tii'«il  Trentiee  un  the  DL''ea^•eJ*  of  ChiJ- 
dren.^'  Willi  mimoroii*  iti  aft  rations.  In  one  large  und  huntlsotoe  octttvo  voliim«  of  758 
pngcfl,  eztrftclotb,  $4  00;  leather,  $5  CO. 

Prom,  t/ie  Aiti fiords  Prrfaee. 
In  r»?vtewjng  thi«  eriitiun,  at  the  reqticyt  of  my  American  publiehers,  I  hivve  inserted  sM'eral 

new  seutiona  and  chapter!*,  and  I  have  added,  I  believe,  all  the  iuformutiou  we  have  derived  Cntm 

fittcent  r«dt>archefl  f  in  i^ddition  to  which  the  puhlinlier;^  hiive  been  fortunat«  enough  to  lecure  the 

jlprrices  of  »n  able  and  highly  esteetued  editor  in  I>r.  Cundie. 

Ak  !.ii  ani^jip.i^i  |>f  hU  IhMt  Ik  kaowQ  In  tbln  dfparf-     pre^ont  day.     To  Dr    Cntrn''vi*f    n  -i    ,ire:  Mie  ] 

m^  Lie,  t ho  bouk  befciTo  lift  U  perhaps  the 

fii  -if  vttiduble  In  the  EojjlUh  Inajiiiiagoi, 

—;.'••. 'r-  -.^cal  Pi'tMf, 

It  wwd  icit  for  I>r  CKracffiLL  to  i^afbor  Ibci  scat- 

t«rM   r«-ci4  fri'm  their  varlon*  sou>^w,  aim!  nnhtoo 

lb<>iu  to  A  Bfi*tieral  syxtetn.     Thii^  hfi  liitj  done  with  ii 

fiia>l>tr]y  Hnud   [»   the   Totmue   t»..tr  b*fore  im  ;  In 

whirl;,  !'_*  tho  n^^nltn  of  his  own  fxtr^nniv?*  ob«orva* 

tiinu*  hi*  h««  odded  the  viewn  of  all  Brltlth  nad  fur- 

elgu  writer*  of  h.uj  uoie  i  thuH  giving  m*  in  a  com. 


►  ij»  with 
whli'h  de 


fe*-^lou  deeply  ladt^bled  for 

sfTPHt  »  dftxkdoratum — tJie  »> 

M<»fVftdly  cotlth' 

ciat<od  with  lli* 

a>  Haanlhortty 

chii.r*e(<'i'i  "■  ^' 

tii«ii(<tt  fr'  I  ir  ntMDV  y«»4irM      'i.o  »|  i  it  iH^sini'jl 

\tn  owu  r  Mti  ;  and  will  br»  f.iiuri5  t>)  b«J 

iavalual^U   .-,,,.     ,  .i^r^ul  us  n  lei^i^tKtok.  U'M<'»»lhMit 

A*  M  I'tHiipiindUiit*  work  of  ref^renne  to  the  <iuaMtfd 


ptete  fiitm^  alt  that  U  konwn  opou  this  nubjoct  »t  th<«  <  practUlouor.— Cr^/ut^oio  Med.  Jnurnai, 


B 


jr  THB  SAME  AUTHOR. 

ESSAYS  ON    THE    rUERPEllAL    FEVER,  AND    OTHER   DIS- 

EAPE8  PECULIAR  TO  WOMEN.  Selected  from  tb(»  writings  of  Britigh  Aulhors  previ- 
ous to  the  olo!=e  of  the  Kigbteenth  Centarj.  In  one  nciit  octavo  vohune  of  ubout  450 
page;),  extra  cloth«     $2  50. 

rlJOMAS'  [T,  GAItLAHD\M.D.. 
V'rnpfifKir  >»/  t}fi/rft'tnt^»y  tt'J   in  tfm  Oti^^g^  nf  Phj/*Mnn»  find  Snrffnann,  N,  F,,  <f<?. 

A  COMPLETE   PRACTICAL  TREATISE  ON  THE   DISEASES  OF 

FEMALES^     In  one  large  and  bandjome  octavo  yolume^  with  illuitnitioxkf.    {PrfpatiHg.) 
BOWN  (ISAAC  BAKER)7m7d. 
ON  SOME  DISEASES  OF  W  OMEN  ADMITTING  OF  SFRGICAL 

TREATMENT.  With  bandaome  Ulnstintioiii.  One  volume  8 vo.,  eztrii  cloth,  pp.  27Q. 
$]  rtO. 


ASHWELL'S  PUArTirAL  THEATTSB  ON  THE  01 S- 
KA66S  PKTULIAK  TO  WoMK.X,  ntniirHted  by 
r-j"-  ^.  r*v«i)  from  lIo!<ipltHl  KDd  IMtM*»  Pnn^tice. 
"  .nj,  from  the  Third  nnd  r^rlMid   Loii- 

In  one  oc!«ro  v<tlaaie,  DXlra  doth, 
'..,  .....  ,.^^,.  >.     ^3  (tO. 

Rmur  on  TWB  rONSTITtTTIONAL  theatmrnt 
OF  F£MALK  DISEA8E.H.  In  ane  ncn!  royrtl  13uio. 
▼oltiine,  0XU*  olo^th,  of  aboat  SM  pa^seB.    |1  (Mj. 


DEWER<!*S  TRRATf^K  ON  TH8  IHSRASE^   OF  FB*  i 
MALES.      WUh  ilhtntrjitionn.      KJp»^POth    E*lltioii,  f 
with  the  Author'*  ln*t  IrupKovprn^MtH  nn*\  Cijrr***- 
tloqs.     In  onn  oeturo  volnme  t»f  SB*i  jh^^et,  with 
pUtnn,  nxlm  cloth,  W  on. 

COLOMBAT  DE  I/I8ERB  ON  THE  DtSEASKS  OP 
FKM  ALES.  TrATjhlwi^d  liv  C.  D.  Mkkm,  M  t)  S«. 
t!MUd  edillofi.  lu  oue  roL  Svo,  *^xtvi\  eloth,  wUU 
ancutnuLiM  wood-euti.    pp.  7^,    $^  1'k 
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VDGE  (HUGH  L.),  M.  D., 

Ltitt  Pnt/€iigor  of  Mldteifrr^^  Ac,  In  tKt  Uniwritity  nf  Ffntutyli^ffnifit  /tc* 

THE   PRINCIPLES  AND   PRACTICE   OF   OBSTETRICS.     Illus. 

trated  with  Urge  litbogrriipbio  plates  coDtaining  one  hundred  and  JBRy-nine  fij^urts  tVom 
orijrio/il  (fbotographfl,  And  with  nnmeroui  wood-cuti<.  Iti  iitiv  Iftrge  &ud  beuutirullj  printc^d 
Quo-rto  volume  of  5a0  double-col timned  pages,  strongly  bound  in  extra  olotb^  $14.     {Lait 

Prom  the  Autho&*s  Prepacb. 
Influenced  by  these  motives,  Ibe  aothor  has,  in  thisi  volanset  endeavored  to  prescDl 
Dot  simply  his  owq  opiniotis,  but  also  tho£;e  of  the  most  distinguished  aothorilies  in 
tiie  profession;  go  that  it  may  be  considered  a  digest  of  the  theory  and  practice  of 
Oiistetrit's  Rt  the  present  period." 

Id  carrring  out  tbiB  desipu.  the  umple  ppiice  BffnrdBd  V>y  tbe  quarto  form  bus  eunblcd  the  author 
to  enter  tborongbly  into  all  cletailii^  nnd  in  comhinLng  the  results  of  his  long  experience?  and  study 
iritb  the  teaebings  of  other  dii^iiidguij^hed  authors,  Ine-  cannot  f»U  to  afford  to  the  practitioner  what* 
ever  eonnsel  and  asaietAuce  mny  be  reijutred  in  doubt ful  cagee  and  emergf*ncie8. 

A  dietingulibing  feature  of  the  work  \&  the  profus^ne^ft  of  its  Ulu^trotions.  The  Htbt^grapbio 
pliites  are  all  original,  and,  to  insure  their  accaracj,  tbey  have  been  copied  froua  pbotogrnphs  U>kcn 
«apre«sly  for  the  purpose.  Besides  theee«  a  rery  full  series  of  enfrrnvingFi  on  wood  will  be  found 
goattered  through  the  text,  fo  that  all  the  detailn  given  by  the  author  arc  umplj  elueidiit^d  by  the 
fUnBtrationa.  It  may  be  added  tbnt  no  paiiip  or  expense  have  bi*eD  spared  to  render  the  tiiecbauieal 
execution  of  the  work  in  e\ery  refi|>ect  irortby  of  the-  charact-er  an^l  value  of  the  tciic^hingf  il  cotituinji. 

*^*  BpecimenE  of  the  plates  and  letterpress  will  be  forwarded  to  any  addreitit  free  by  mail  on 
receipt  of  sii  cents  in  post-age  itanipi. 

The  work  at  Dr,  Hodge  tfl  flomMhlnf  Knore  than  a 
«Iai|itft  pre^euttttioa  of  bi»  parllcnlar  T!ew«  lii  Hie  dn- 
p&iTnieat  of  ObtftntHcn  ;  Vt  is  Aomelbing  more  tbau  aa 
ordiiiary  treotUe  oo  iiiUI  wffery  ;  U  1«.  in  fact,  a  cyclo- 
picdta  of  fTiiiilwSffty.  H**  hrts  iiim<?d  to  embody  ia  a 
■dnfiil'  '    '  :irr!.».ii(l  art  «f  OlJNtrtir\e«. 

All  *'  -^  wllh  uecuraifn  Actd  vti' 

ri"*!  [  iljjit  no  fuel  or  prinriple 

ij4  li*rt  iiu--iAf'.ii  or  uu'r'XiaLtiaed, — Am.  Med.  Timtut, 

Wt»  R^bt-iultl  like  to  analyze  the  rcoialnder  of  this 
etSf'elii'at  work,  but  already  has  thin  rerlfw  «>xi^nded 
?»ey«»Dd  our  Inoltid  «pnc*.  We  caDDUit  conrfude  ihin 
aotlieiir  witlinal  rt-forrlujf  to  lh<!*  excrillpDi  fioi**h  of  ih* 
work,  lu  typograpby  it  \»  not  lo  be  oxcelltd;  the 
j>«()(«r  \»  ftuporior  to  what  l»  U!*tiaily  Rffortlml  by  our 
Anterleaa  coutlQflt  (|ii)t«  eijual  to  tbo  l^ent  of  Ebjcli^h 
books.  The  pn(fravlQg»  nnd  lithiigntph«  are  mo«t 
be«iatffuUy  executed.  Tbt?  work  rpconmiPDctA  iKelf 
fCT  iU  orl(riDaUty»  aad  (»  lo  f^very  way  a  moat  vain- 
al»le  «ddU]>»a  to  ibo^e  oo  tb**  t^uljoct  of  ob^toiiica. — 
Oinruitt  Mtd.  Journal,  Oct.  ISttL 

It  Ia  rrry  large,  profa!»ely  and  fllfgiiiitly  lllu»tr«ted, 
and  iff  littf^d  to  take  Mji.  ]i)ii[Cf  nt'ar  tho  work«  of  jip^Dut 
ObHtetrleliiD«.  Of  tb*  AiDTtftin  wiirk?*  oa  tli<»  mbjpci 
It  li  dwcidtdly  ihthi^L—EduOf.  Mtd,  /onr.,  I>ec  '6i, 


We  hare  eicamlaed  ProfefiJior  Hodge'«  work  with 
gTPKt  witiii.fUction  ;  (vrcry  topic  U  (?lj»btiratH  most 
folly,  Th«*  Tlewn  of  the  author  are  comprphun»'lvp, 
and  eoncUely  wlaiod.  The  rni*,'»  of  pmeOc**  are  jadi- 
cbiUK,  Mad  will  caabli?  the  pracittioiier  to  nit^ni  evpry 
Aiu^rgeucy  of  ot''*tPtrlc  ctiuiplScatit'n  with  cuofld^uce. 
—CkUingo  Med,  Journal^  Aug.  1W4. 

More  time  thao  wn  fa  are  had  at  nur  dfrpo^a1  i^lnce 
we  received  the  great  wdrk  of  Dr.  Hodge  I*  oeceiwary 
to  do  It  Jo.^tice,  Il  1»  «iiJ«Jub»odly  by  fjir  'Jn?  uiojit 
oriijinul^  cornplete,  and  r"-*  >•'  'Tii]vij44M  tr«>arl«e 
ou  ib<5  pri Of  Ipliii*  (ind  jin  !  '■[ ricw  wblcb  baa 

nvi^r  h^rn  ?ji»u-d  from  t.  pre**, — Pdo^fic 

Med.  and  Surg.  Journ^tti,  Jui  v,  i.'.,^. 

We  bave  road  t>r.  Ilodge'*  book  with  ftrent  phji- 
■art',  mod  hitve  uiacb  Mu(l»fMelluu  In  ^\  »iii'^>-\.ifj^  <iar 
comnn'udatJon  of  it  A!*a  whultK    It  U  ^hly 

loptriKUive,  and  in  ttmmala,  we  belli  The 

({real  attoutiua  wliicb  the  author  Utu-  „  .  :  .  i  -  iho 
Titecbaaisui  of  p^rtnritioiit  lakca  aloa^  wiili  tbt^  c«u- 
cliiBloQt^  at  wbicih  \xo  baM  arrived,  polut,  we  thtak, 
eouduisivi^lr  to  (be  fact  that^  ia  Briliiia  at  li^Kt,  tlia 
doctrioea  of  77ne§ele  bave  b^en  too  blladly  reeeiiFedL 
^GUuiiftiut  Mitd,  JourntU,  OcL  18«4 


JLfONTGOMERF  ( W,  F.).  M.  D„ 

'^  Frnftiiif^  fif  Midwtffrjf  in  the  Kinff'a  and  Q^&m's  CoUfge  qf  Phj/aieiatut  in  Trelnnd, 

AK  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PllEG- 

NAKCY.  With  iome  other  Papers  on  Subjects  eonueeted  with  Midwifery.  From  ibe  i«cond 
and  enlarged  Englbh  edition.  With  two  exqubite  ooh»red  platen,  and  numeroiu  wood-ouis. 
In  one  very  bftiid«otDe  oot«.TO  Tolamo  of  nearly  600  pageei  extra  doth.     $i  75. 


iriLLER  (nENRT),  M.  D.. 

"^  Pr*iU$9f*r  of  O^nietrtff*  and  i>i>«i4««r  f}f  Wmnrn  nnd  Uhlldnfn  in  the  UnivtrfUy  of  LouiimfUe, 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS,  4lc.;  iitdiidiog 

the  Treatment  of  Chronic  In  Bum  mat  inn  itf  the  Cervix  and  Body  of  the  Uteruf  con^dered 
aa  a  freijuent  cause  of  Abortion.  With  about  one  hundred  i  11  ujrit rations  on  wood.  In  on« 
very  bandj^ome  octavo  volume  of  over  ilOO  pnges^  extra  olotb.     $3  75. 


EIOBY'8  STSTEM  OP  MTBWIFEHY.  With  Hotn* 
and  AitilUb>tial  IUaiitratkfB».  Seeornl  AtfiertcAD 
edition.  One  volatue  oetavo,  extra  eleth,  422  pafee. 
12  AO. 


DEWEES'8  COBtPRKHENSIVE  STSTEM  OF  MID- 
WIFBRY.  llltt'.trated  by  orrafciuiial  c-jmen  and 
mauy  engraviDg*.  Twelfth  cdStUia,  with  the  ao- 
thor'H  luJit  Improvementf  and  corr^^ctloafi.  In  u<ie 
ecUT^o  vol  nine,  extra  dotb,  of  600  page*.    |3  dO. 
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Henry  C.  Lea's  Publications — (Midwifriy}m 


IfElGS  (CHARLES  D,),  M.  D.. 
OBSTETRICS:   THE   SCIEXCE   ANP  THE   ART.     Fi!tli  c- 

revi^flid.     With  one  hundred  nud  Ibirlr  ilhistratinn?.     In  tme  biPB4ttifttt1j  prtnti^ 
volume  of  760  largo  piiges.     ExtracUuh,  $5  50;  toather,  f6  50,      iy<r»  rmetdf) 

FllOM  THE  AuTIIOlf  S  PmSfACK. 

I  tender  to  mj  medica)  brethrtsu  n  new  and  luijiroviMl  eiltton  of  my  work  «ti  Miiiwiffrr.  for 
tJbe  eiicceei  of  wbicli  I  am  su  greatlj  Indebted  to  t!i«ai. 

As  tbis  i»  prabftbly  th*  Ittut  ocoB?ion  I  ^btill  hiivo  lo  endenvtir  to  tnti\ce  lh«  book  Vurt  for 
itiiitriletion  thitn  ever  it  vtna  before,  so  bMe  T  fult  t*Qn«trAin«d  tft  jMireftilW  f*rb*  •vorv  uj3«  of  lU 
paragraphs,  ihftt  I  might  leave  it  in  tt  C'     '  '      '     !        '^       '  '    .?tbr»ii, 

Wc>  h«vH,  therefore,  grettl  i»«t1ftrftc!i'>n  t'l  '   *l4^4t**f*L» 

nri*J«'r  our  rcjtiler*'  notice  thv  uiHlnrirl  vi-  r    .^.r   .   .    ^ 

liklH'^t    Aworlcan   ttUthni-Sty  In    th««     ; 
wlkiel:i  bt>  tniK  devutdil  Lii^  iirv  liujl  thlcu 

ftrhfi:  not  only  the  *'frait  ofnittuv  v^" 
D  th©  JM**|oi^i(S<>ii  of  cUniQAt  »'>.  i  Uiiow-  i  |<  >- 

ledff^,"  Ijut   tli^y  contiihi    iil»i>  ■^  of  Jtti     iii  ■» 

exlemlpd  aiMiuafalape*?  with  Ki  l    .  innj  lif<^  ^  n 

r&tura,  tK>tb  eo&tiuetitAl  aad  BiUi»U,    TU1«  foilm-e,  [Umh*  i/'> 


iiWi^  J/i./,  i:iyi,*l^. 


pAMSBOTRAM  [FRANCIS  K),  M.D, 


THE    PRINCIPLES  Ax\D    PKACTICE  OF    OBSTETRIC   MKDt 

CINE  AND  8irK<JERY,  in  reference  In  the  ProoeNPC  nf  Pariunlion.     A  new  »iid  *n7Anta4 
ediiioD,  thoroughly  reviised  by  the  Author.     With  *dditifm*  by  W.  V.    KjtATl^t. 
ProfeMor  of  Obstetric*,  Ac,  in  the  Jofferaon  Medical  College,  rhiUdfliibift.     In  i 
find  handsome  imfierial  octavo  voluni*  td'  <ijO  pagea,  strongly  bound  in  la]ith«r,  »iii  r»ig*< 
btvuds;  with  ^txiyfuur  beautiful  platea,  and  nriincroa«  wuod-out«  In  the  t«xl^  ctrntAioifl^  It 
all  nearly  200  largo  and  bttaatiful  figures.     $7  UO. 
•We  TTlU  oalj  add  that  Iho  Ktud^nt  will  leara  frflm  )     To  lh#  phyriuiio'*  library  II  U  tti4Up»R«»lita.  »ili» 


I  ill  bo  need  to  Icuow^  uud  the  |traolttti^D<>r  will  dud 
iti  a»  K  hook  ofrefereuce,  »arpaaHud  by  uoue  otber. — 


tfi-  '     '     'p«  ih«fouridailun  of  %a«h|«mi« 

<Hi  ,  it  ka«  ao  attp#rlor  ^«M*c  Jt^ 


IQ  oar  read«ir».— ^. 


Mil-  wuilt  wUl  dtt'jfd  LiJii.- 


-Am.  J^^r,  K/i)uM»L 


fJHUncmLL  {FLEETWOOD),  M.D.,  MR. LA. 
ON  TIPE  THEORY  AND  PRACTICE  OF  MIDWIFERY.     A  or* 

American  from  the  fourth  revised  and  enlarged  London  edition.     VTltb  v. 
by  D.  Francis  Co!rt*iK,  AL  D.,  nuthr»T  of  a  **Practical  TreaUse  uu  tbv 
dren,''  Ao.     With  onebuodreti  and  niucty-four  iUiiiBtraUonf      lo  one  mtj  UiiiJ-ninetcui'^ 
volume  of  nearly  TOO  large  pa^eti*     Extra  cloth,  $4  00;  leather,  %h  tHi. 
In  adtipting  this  standard  favorite  to  the  wantitof  the  profeioiiun  in  the  Uitii«il  iFtaici,  tfM^v^M 
has  endeavored  to  insert  everything  thai  lib  exiusrieaee  ba^^hown  him  would  be  dfuurwlil^  lbs  ill* 
American  §lud©nt,  including  a  large  number  of  iUustrntiona.     With  Ih©  Ranrtlou  oftfe***!!*!. 
k«  ban  added^  in  the  form  ol  an  ai'i^en'lix,  some  chapters  from  a  little  "Miuiunl 
NarscH/'  recently  isfiued  by  Br.  Cliurtihill,  believing  that  the  detjiiU  there  pr^ 
fail  txj  prove  of  adruntafe  to  the  junior  pructitioner.     The  result  of  all  th- 
work  now  contains  fully  one-bsUf  more  luatler  thun  the  la^t  American  t-  i 
half  more  illu«tralion?t  eo  that,  nMtfvilli.MliindiDg  the  ns«  of  a  sinaller  tyi 
aJmoe't  two  huDdrenl  pm^^eH  more  than  before. 

No  effort  has  been  »*pnred  to  aecure  an  improvement  In  the  meehanieaj  exeeolidli  <if  lis  i^ 

equal  to  that  whieb  the  text  bH«  received,  and  the  volume  U  eunfidenlty  pr«i«ei:tt«di  M  wm^  «f  H^ 

hand«iomei!it  that  ha.^  thus  far  been  laid  before  the  American  profriS.xion ;   while  tk«  \mrr  l«w  fOM 

ax.  which  it  \»  offered  should  secure  for  it  a  place  in  every  Iccture-rouiu  and  wn  evc^f  y  oi^o*  u'ii* 

Tlte.<4e  aiJdliloDS  render  tbe  work  still  more  com-  i  bii*hcen  tiddrd  which  could  tM  xv  ^ 

let«f  uud  a<c>*jjlable  Ihan  erer;  liad  wilh  the  excel-     Au  rxniuiuiitlan  of  lh*«i  tjthi-*  **f  .  v 


lent  slyift  ia  whieb  the  pnhlitlioffl  have  prefeat 
ihle  edtlion  of  Churchill,  wt*  c«ia  couiDOT'bd  it  to  (  > 
pr4ife<«i«loa  with  gre^tt  curdialiiy  and  pleasure. — C'i. 
eiAnnii  Lancet. 

Few  witrkii  ou  tbfii  branrh  of  medlefil  »«1enoe  are 
eqaal  to  It,  certainly  QoaeexceJ  It,  wlwflj^rln  rr>:rirtl 
t*)  ilipiiry  "^r  priiClice,  iiud  in  ufl"  ; 
t<JBll  other*,  Tix.,lu  Itn  i«lttthr't 
Iberofore,  '»Ti  l?r»«>r*«  tjrouutlj*  «  m.' 

the  jiliy^  -it,  or  b»clorer,  nil  ut  wliMin  vrUl 

<*»id  In  1  iiitlya  which  tUtfy  are  icclclag.-^ 

Brit.  A 

Tlic  prt^'tiui  trealluo  |m  very  much  enlarged  and 
tioplldad  heyoud  llie  preirlon#  edidoa*   but  nultdng 


There  I*  9«  better  texM*<H»k  $mr  i 
of  refereacv  aad  •lod'o  i  r  lu^  i*<f^itfilcia«  »4?il^i 
than  thU.    It»huuld  -rlc%  •t%tTi     '    ' 


IIenry  C-  Lba^s  PuBLTCATioxs — (SurgfTtj). 


2T 


QROSS  (SAMUEL  Z?.).  M.D., 

SYSTEM  OF  SURGETiY:   Fathologiear.  Diagriostic,  Therapeutic, 

Iku  t  Ofn'rative.  Itln^tra(«d  hy  upward?  of  Thirteen  Hundred  EngrnvingH,  Fourth  editinn, 
ciirf^fully  revised,  und  improved.  In  two  Inrpe  and  bMftiili fully  prinU'd  royal  oel&vo  voUiiueiS 
of  220tt  pnj^eg,  strongly  bouud  in  leather,  with  ruined  biktidB.  $15  IH). 
The  continued  favor,  ^hown  by  the  exhnupUon  of  succe*j?ive  largo  editions  of  this  great  woric, 
prove*  thnt  it  has  stii'c<!ssfal]y  supplied  n  want  felt  by  American  pnictition^ra  and  studetitii.  Though 
but  little  over  six  year«  have  etap5<*d  9iDc«  its  fir^t  publication,  it  bos  already  reach<^d  iin  fuurib 
edition,  while  the  car«  of  the  author  m  \i»  vi9vi«ion  and  oorrfN^tion  bus  kept,  it  in  a  constantly  im- 
^►ro^'ed  abnpo.  By  the  use  of  a  elo«i«,  though  very  )og^ib]«5  tyj^w,  an  iiuuBnally  large  amount  of 
mitt  ter  is  r  nil  denied  in  its  pogff,  the  two  volume?  cnotaining  a»  much  f»s  four  or  five  ordiitrtry 
Octavo!^.  This,  combined  ifith  the  mo*t  rareful  mechanii^al  ext^cution,  aud  i|*i  very  durable  bindin^;^, 
renders  it  one  of  the  chenpe^t  work^  aoceF!>tbte  to  the  prof«a.*<ioti.  Every  suhjefL  ]ir<)perly  belonging 
to  the  domain  of  murgery  \9  treated  in  detail,  bo  that  the  student  who  poas4»£vd  thii6  work  may  be 
Boid  to  have  in  it  a  aurgical  library. 


It  fodxl  lottje  retnako  Itip  niii)*t[  c<tinpr'^lif!'a»lT«  work 
oti  tblM  ImjiortiuU  p«rt  of  moilitine.— ^o^r^on  Medlcnl 

We  liAfe  eom|»arf<d  it  with  mo»\  i>f  oor  ntAadiRrd 
workfrt  inich  a*  ihose  of  Ericbirea,  Mlller„  Feriftumoa, 
Syme,  and  othorn,  and  we  umiit,  in  juHiice  to  our 
(liitb.<>r.  aw%rd  It  tbe  pre-emlnenco.  At  n  wurk^  ctim* 
pleir'  in  uluiitft  orory  d*^(ail,  no  walfiT  how  miaali' 
or  trlKlQ^,  and  embniciiip  ererr  !«iib)ert  knnwti  iu 
tbe  pnncipio*  aoil  pra,cti<'!P  I'f  surgery,  we  bell*"Te  It 
vtAuds  wiilMiut  a  riraL  Dr  Oru*%  lu'his'  preftiee,  rt*- 
marhcs  *'niy  »)m  has  b<»u  to  euibr*iri«  tha  wholti  do- 
ruiiiu  of  Hurgery,  aad  to  allot  to  every  eubjedi  ll« 
le^dmate  claim  to  notice;'*  lad,  we  Mnnre  our 
rfi.njrr«,  lie  liitb  liopl  ht»  word,  U  in  ti  Wurk  wlikh 
w»?  tiia  ro"»it  coufl<l{*aily  recoaimr-ud  tu  (inr  hrMKrpo, 
fi>r  itK  utility  i«^  lt«>Ciinillng  ibe  m<>ris  evld»ut  tU«  iuu^r 
it  U  up>iit  Ui^"  HiU<-lvpH  of  oar  Ut*ri»ry« — (Ja*uida  Mtd.    ^| 


I 


JuHrual^  Scplemb(* 

Tl)e  flr«t  two  ♦'•iUions  viVtol^^^  '.'item  of 

Sarjgory  aro  ho  w«<itl  kntiwn  to  ;  aud  ^i> 

tii^fiiypriat^l,  that  it  Wwuld  b»«  In  -tn«ak  in 

prmi».e  of  this  work. — CfUciti/u  Jltdiad  Juurtmlt 
So pt«i tuber,  IhOit. 

Wb  nhiJIy  ^"-1"---'    n,^   r.. .,,,.. .V.1«    r., , r1...1.... 

of  ibfl  Wi»rk,  I 
w«'  uM.te  wh' 

The  irnmt  complete  work  that  Im*  yet  U»B<»d  from 
thr*  preJiB  ao  the  «tiitiuce  aad  practice  of  aurgerjr'. — 

This  )iiyfll»«m  of  utirgery  \k  we  predict*  deatlned  to 
takti  a  rMiumaDdlag  )io«,ltloii  (a  our  Murgidjii  lltera- 
Ittri",  anil  be  the  cr^iwnioi^  jtlory  of  th^  tiuihor'«  well 
earu«>(l  fault*.  Aii  ao  aathurity  on  i^eueriil  turgical 
aubjocta,  thin  work  in  bicg  to  occupy  a  pre-^ioiaent 
plure,  a»«t  ouly  at  home,  but  ntiroAd^  VVe  have  no 
bt'Hiilivllutt  la  prriuoattdo^^  it  wiihiimt  a  rival  Jo  our 
btt]|rttiig^,  and  etjaal  to  thfl  lie^t  ••yBtema  of  ftur^ery  la 
aJiy  language. — y.  T.  Mtd.  Jirumnt. 

Not  only  by  fur  the  beat  text -book  on  the  anbjeet, 
as  a  wUoJe,  wirliln  the  rearh  of  Airjerlcan  iiladeat«, 
but  ou*?  whicii  will  bf  loucU  loure  tlotu  ever  likely 
to  be  reftiirtoil  to  and  roirnrdod  a*  a  bij;b  authority 
fcbrijad.— J«4.    '■-■ '   ^^  -'    v-i'.-nLV*,  Jan,  IfcW, 

The  work  >  k,  minor  and  major, 

opera tiT<?  nod  aig  moaHuraliou  t^tid 

estamluatloti,  vi-u^n' i  li  li 'r't-*--,,  uud  uleritip  nitiuipu- 
LtdoDH  and  jptTrailvmn.     U  U  a  c.iuj plefe  Tliwaura* 


t!(>oer  ahal)  not  ieek  la  Tain  tttr  what  they  dealn»— 
Sfin  Prnntiisco  Ur4,  /'re**,  Jau.  ISW. 

Opeo  tt  where  we  may.  we  find  ■onad  praelteal  ta- 
forotatton  coareyed  in  plain  lanffoair«-  T^if-  ^'-r^k  is 
n«  mere  provincial  or  e*en  tiait        '  '       f- 

gery,  hut  a  work  wliiuh,  vrbUc  \<-^  1 

(o  Uie  pa^c,  )iM£  A  «irdlij$  chtiiii  oLt 
faltin*of  smrjiical  Hcit^uce,*—£Uiid'trnjKt  j/r^j  j^.m-N'ti, 
J«a.  1»05. 

A  iiliirj'^r-  i«(  j1i.^  M-nrk  \f^  finHli'U-Al  lo  f^h^-w  ilmt  (ho 
aoi  ■  ..^ 

it  I 

U..I.     :  .      .       ^  J, 

Jonrn'il,  x\iJiiJ,  Ib'jJi.  * 

The  third  oppr*riuntty  U  now  oflTered  ^ttrthf;  t'nr 

i>,]i»,,.    ii   I,  .,  r.,  rovlow.  or  rather  to  ludorae  and  ro- 

g[reul   AitirrU'a&   work  oa    Siirgory. 

1  I'ciitloti  a  j^pat  amniml  of  luliMr  baa 

b»..v. ,...,..  .J,  (ImMikU  loan  ■■'^■'■'-  .--.-.-r  .1 ,1  ,,, 

thp  Wi*Tk  wa*  n^^firJuJ  in  >  » 

full  and  c'ttjplpt*'  ws  to  li*«  i 

tiieut.    Every  c!(Apr<^r  i- 

m^titeitt    by  nearly  i  l 

sill truble  nam L*»r*of  V 


tl  i 

Of    «...;.i.4M    iU..M>  .-.-:.■-.        iL    i-    j.r—    —    -:.u.^.>r    ip-ii^VO 

that  it  may  truthiuJiy  be  itaiit  to  etiibraco  all  tbut  in 
aelUHlly  kaowu.  that  \n  rpjilly  of  any  Ta^ln**  in  live 
diagaoois  and  trewtiootit  of  ^^■•- "^■-  '  '^  '-  -  •'■  '  -  rk- 
denta.   Wtierevorilltuflruiii  ,,ti 

aubJBCt,  or  make  belter  or  ji  i 

bi  not  wanting;  ia  Lbiit  re^jr*'*  I  mr  n><ih,  ir- i.-fujui.'uiiy 
inuperior. — HuJ^tUa  Mtd.  Jmtrtiat,  l>Ge.  \m\. 

A  (*yste«i  of  (iiirgflry  which  we  tblnk  unri vailed  la 

our  l!iugn3tji;e,  and  which  wilt  iudolibly  u^sorlale  hia 
aarne  with  Mtr^cal  ^cloucr*.     Ahd  wbor,  In  onropin- 

liiu,  t-ntnuji.-''-^  tht'  vtt!u«  of  the  wni-li  K  tfi.it,  wrjU*'  (be 

I>r:i     '  i/i'.ih  will   Una  all  II. :i  .    .r, 

ii  li"  tlQie  one  of  Xh* 

li-  I.  Iii>  put  into  Ibn  I it 

tet'kiriji  til  liiiL«w  lb«  pnnciplt's  mid  ]ij;o'Lir.-  uf  iHjIh 
brauc'li  of  the    profc^slnt)   whlrh    be  defiigOA   AiibMi- 


of  laodera  iurigery,  where  the  atudeut  and  prmeU-  '  «|uently  to  fyllow— TAe  UrU,  Am.J*tUfn.,  Mvf^r*.til. 


THE  SAME  AUTHOR,  

.   ?RACTICAL   TREATISE    ON   TTTE    DISEASES,   TXJUIUE?«," 

AND  MALFOKMATIONS  OF  THE  URINARY  BLADDER,  TUE  PROSTATE  OLAND, 
AND  THE  UKETIJRA,     Second  edition,  revised  aud  much  eulargt'd,  with  one  hundred 
and  eighty-four  illuBlrtttions^    Iti  one  hirge  ond  very  bandipome  octavo  volume,  of  over  nin« 
hundred  pages,  extra  cloth.     $4  OU. 
leaver  will  i>eru4e  the  va^t  amottul  uf  valuable  |  gnage  which  can  make  aayjiiat  preteaalom  to  be  lis 
leal  inforDjanou.it  oontaiiifi  wilU  we  thiak^  agTr«r»    t«xui*b— A".  Y.  Journal  vf  M^ditiiM. 
With  aa,  tbat  there  1«  no  Wurk  ta  the  EiigUib  laa-  | 

»r  THE  SA^E  AtrrilOR,  

A   PKACTICAL   TREATISE    ON   FOKEIGN    BODIES   IN   THE 

AIH-PA68AQKS.       In  <ni«  hiodioma  oclavo  roliuae,   «jctrA  clQih^    with  illuetratioEfl. 
pp.  468.     |2  75. 
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Henbt  C.  Lea's  Publications— ( 


piUCHSEy  (JOHN), 
THE  SCIENCE  AND  AUT  OF  SITKOERY 

gicn]  InjiirieR,  I>iaeft«€»ji,  and  Operations.  New  and  imprQ 
enlarged  and  carefully  reviiMsd  London  edilioii.  Illu^tratfl 
en^ravinf^s.  In  one  large  and  hanrbtome  octavo  Tolume  of 
cloth,  $6;  loathcir,  roised  baiid«,  $T. 

We  lire  brmnd  lo  fttatfi,  and  wo  do  so  wUhaui  wUh* 
!ttf  to  ilraw  iuTlidlon*  roin|«nrtBon*,  t!iul  lUe  trork  of 
Mr.  ErlchAHO,  In  modt  r^-i><'Ct«,   fiarp»>»««  mny  (liMt 


a*  oae  of  tho  ir«f 
jsai-ij^rf  with  wW 
lo  flT«  U  h  III  a  J 
merllA.     It  mAV 

...l.       I    1...      I...|<<n<v,.'    . 


hiift  prt'cedi-ii  It,     Mr.  Erlcbjton'n  i*  a  practical  worlt, 

cotnbinlu^  a  duef  pro  portion  of  IUa  "ScW-aco  aad  Art 

irf  Sfttfgoty.**     Hariug  dorivad  no  Utile  inntroction  -a 

from  iC  in  many  iinpartaat  branch^t  of  «urf»rjt  we  .*| 

oaa  have  no  lie^tlalioit  ia  roeoramendln;;  U  as  a  valu-  ,  i,.  ^..x.  .,.  «  ..tv^c^ 

iiM«  l*ook  iilike  to  the  praotlLloaBr  aad  tho  •tudcnt.     M*^Hfrin€.  ^ 

Gir«kA  ».  very  adinlrjibU  prsctir.&1  view  tif  tha  «!•  '  n^ 

aa1^«  and  art  of  <u rg«  rj. — Etl  inhi^rgh  Med,  and  Surg ,  > » 

JaumaL  * 

W«  recomm«ad  M  as  tfa«  b«4t  compoadiam  of  aar> 
g^ry  in  oar  l&uguagO' — L>rndon  Lnnctt. 

Tt  !»,  we  thinlc,  the  most  valnnblfl  praelt<P«l  worli 
on  «nrgtiry  In  ©xis tenets  both  for  young  Kud  oJd  prae> 
tlUoner*. — yicufhville  Med.  and  Snrff^  JnurnaL 


Th«  UtnUed  tlma  we  hare  to  rartew  thU  Improved 
edition  of  a  warlL,  the  ltr«c  biitiu  of  wbiob  vtv  prii^id 


^Am  Jimmtd  ( 
ASttyr  cari^fol 
large ry.  wd  ure  i 
liuu  of  ft.  Tbe  1 
iiad  chariiFtorlxi 
oloii>rDe9s  aad  < 
/oumal. 


J^Y  TUB  SAME  AUTHOR.     (Rmdif  in  Jun4.) 

ON    RAILWAY,    AND    OTHER  INJURIES 

SYSTEM.     In  small  octara  rolume.     Extra  cloth,  $  I  Ot| 

We  wi^lcome  this  an  perb^ps  tlip  most  prartVcally  to  th*                   i  I 

ntefal  Ireatlso  wrlttea   for   maiiy  »  djiy. — Medical  cott«  j                     h 

TitHfit,  Ut  I                       X 

It  trill  nerve  an  a  most  aseful  and  trufltwortfay  g'aide  irealii. — Mf^itriu 


llflLLER  (JAME.^), 

•i"  LfjU  Pro/df^yr  uf  Hurfftry  in  the  rntvrrtity  *%/ 'Bd Inft^rifK,  9L 

PRINCIPLES  OF  SURGERY.     Fourth  Ama 

ra vised  Edinburgh  edition.  Tti  one  larg^e  and  very  beaqi 
two  hundred  and  forty  illuatratioa«  on  wood,  extra  cluLh. 

W  TUB  SAMS  AUTHOR.  

THE    PRACTICE   OF   SURGERY.     Fourth 

Edinburgh  edition.  Rovised  by  the  Amenoon  editor.  JX 
gixty-four  engraving*  ou  wood.  In  one  large  ootAVO  voj 
cloth.     $3  75. 

tt  \n  Bi^ldi'm  th*t  two  volamcfl  have  ever  made  •©  i  »eqiil?ed.  The 
profoaad  no  linprcaalou  in  fio  nhort  tt  tirne  »fl  the  ,  tlcal*  and  wrlMi; 
*'FrincliplDs"  nud  the  **l'rA<llce''  of  SjirgMry  Ijy  Mr.  wh»t  he  U  taikll 
MUlor.  or  so  riclUy  meriUjd  the  repalatloa  thoy  have  I  — JConlMcity  Mtdk 


a  I  ERIE  (  WILLI  AMI  ^-  ^-  S.  E„ 

Fro/fAMor  *tf  Hurtf^rit  in  the  Untvemtjt  fif  Ah&rdtn^. 

THE  PRINCIPLES  AND  PRACTICE  OP 

JonN  Nbili..  M,  D..  Profe««or  of  Stxrgery  in  the  Penna. 
Pennsylvania  Hoapittil,  Jto.     In  one  very  handjome  octavf 
illustration?,  extra  ototh.     $3  75. 


^ARGENT  (F.  TK),  M.  D. 


ON  BANDAGING  AND  OTHER  OPERATIC 

0ERT.    New  edition,  with  an  addlLional  chapter  on  MiUtai 
12mo.  volume,  of  nearly  400  pagea,  with  134  wood-ctits. 
Bxeeedlo^lyoooTentaot  aad  valaabl*  to  kU  mera* 

beri  of  the  profeulaa.— CAica^o  Mtdical  Eiratnitun 

May,  1SS2. 

The  very  beet  miitiaftl  of  BQaor  Sargery  we  have 


We  conUaUy 
the  medlCAl  «tadi4 
to  the  sBrgeoQ  la  j 
ive  oa  maaypoii 
BriL  Am.  /QUm4 


MALOAIONE'B  OPBRATIVB  SUEOERT.  With  an- 
merout  Ula^tralioafl  ea  wood.  In  one  b&ad9ome 
oetavo  volamn,  extra  cloth,  of  nearly  000  pp,    92  50. 

SKKY'S  OPER.\TI  VE  SURGEKY.  In  one  very  hiiad- 
some  «>ct«ri}  Tolame.  eictrs  eloth,  of  over  tf.jO  pace*. 
with  aboat  100  wood-caU.    #5  2J. 


FER0USS0N1 
Ponri  li  Ani<:' 
dof] 
oct.t 


IRUITT  (ROBERT),  M,E,aS,,  j^c. 


THE  PEIXCIPLKS  AND   rRACTICE  OF  MODERX  SFRGERY. 

A  new  and  rc^-iswi  Americao,  from  the  «iglith  eolftrged  and  iinprored  Lrmdon  edition.  ILlu9' 
tmUd  with  four  hundred  and  thirty-two  wood-engTATings.  lo  ono  very  hiLDdsoma  ootavo 
Tottime.  of  nearly  700  liu-j^e  aad  closely  printed  pa^^.    Extra  cloth,  $4  00 ;  leather*  $5  00* 

All  thai  :  i  i;t  or  pr»ctitiaaer  cunid  j  thooretlcal  earglcal  opinioais  no  wark  iht^t  we  iir«  at 

*»lrr.^-I/  rnal.  |  pnM«Dt  «»4?<i|U*1nleJ  with  can  At  »H  compare  wllh  It. 

It  Is  a  compt'Ddium  of  sarglcal  theory  {Sf  w«  may  nf« 
tb«  word)  aoU  prRetleo  lii  Uielf,  and  wmU  de^errw 


li  In  a  if>  k.    Wn  do  not  know 

rhni  w«»  Lavkj  i'it4.uuatd  vuo  irllh  itior«  pleaaara.— 

rtoii  Mrd^  and  Stitg.  JoHmal. 

In  Mr  I'raUt'a  hook,  though  QimlaLttinr  only  aotii« 

rTr'u  huudred  pagM,  hoih    tho  pr1iiclpTe»  and  the 

'Hre  of  Borgery  ara  treated,  and  aa  ctoarly  and 

...  a  ,,,.ty^  ^  IQ  elticiil«te  *T<»ry  iroporlaai  topte, 

t  iweWe  editluDS  havf  a|ro«dy  bccTi  at) led 

**  day»  of  aciUft  eooiperiiiif^iL,  would  of 

^, .-.,'>   a  u»  poMieaa  marked  aaperiorlty.     We 

«3cmn)loed  the  hook  moat  thorouRhly,  and  enn 

Ihli  anoeeaa  La  veil   merited.     BU  hookt 


aoU  praetleo  1 
(he  estimate  placed  opou  IL — Brit.  Am.  JouT^tttt. 

Thoa  enlarged  and  improTed,  it  will  ciulicine  to 
rank  among  our  b«'jit  texi-booka  on  etojuouUry  sur- 
gery.— (Sttttmbus  Ret^.  {\f  Mod.  and  Surg. 

We  must  ehwe  thl*  lirief  notice  of  aa  admimUlo 
work  by  recotn  mend  lug  It  to  the  earnest  aU*>iit1on  of 
every  medkal  stndenJL — Charlegton  MeUteul  JourutU 
and  Efviaw. 

A  l«xt-book  which  the  goneral  toIco  of  the  prnUp^ 
aioD  In  both  Eaf  land  mtnl  Ameriea  has  commnndod  ae 


ell 
po!ti«N«ee  the  IneBtlmable  adrantapa  of ;  ooe  of  the  moat  admirable  -maaual*.,"  or*  ^'ntd* 
iaiibjecti»perf<^cll.TweUarriuigodandcla<^|,,^„^;.  ^  It,  Enjili.h  title  run*,  which  c«u  U 
*r  beiog  written  itiftjitTle  at  once  dear,  p,^^^,i  j^  u.e  haiid«  of  ib.^  altideut.  The  niHrita  of 
H,—Ain,  J^ournol  of  jfeU,  ScfimfHts.  |  i>raltt*«  Surgery  aft?  too  woll  kuowu  to  ovfry  na^  to 

fltber  we  rfow  Drnitl'a  Suffery  aa  a  ffnlde  to    nooil  auy  further  eulogiuni  from  ut,— Aa^/nf«f«  MeiL 
rativ^o  procedure*,  or  a«  repreaentlii^  (he  lateat    Journuh 


i^AMILTON  (FRANK  K),  M.D., 

*  Pm/eMMor  of  ^adureji  and  DislocttHonMt  Ae*  tn  BfiHetm^  Hfntp.  Mfid,  Oottifft^  A>|0  TorSt 

A  PRACTICAL  TREATISE   ON  FRACTUKES  AXD   DISLOCt^ 

TIONS.     Third  edition,  thoroughly  revised.     In  one  large  and  handsome  octavo  Tulame 

of  777  pogee,  with  294  illnetration^,  extra  cloth,  $b  75.     {Jnti  It*iusd,]i 

The  demand  which  bos  fto  epeedilj  exhausted  two  large  editiond  of  this  work  jihows  that  the 

^Milhor  has  Fttoceeded  in  supplying  a  wont,  felt  by  the  profession  at  targe,  of  on  ezhauftive  treittira 

«n  a  fre(|aent  and  troublesome  class  of  accidents.    The  onaQimons  Toice  of  the  profession,  nbrood 

a«  well  Sf  at  home,  bos  pronounced  it  fthe  most  complete  work  to  which  the  surgeon  eon  refer  for 

information  re$<|jeeting  all  details  of  the  suhjeet.     Id  the  preparation  of  thitf  new  e<Jition,  the 

atithor  hiu*  pedulou-ly  endeavored  to  render  it  worthy  a  continaasce  of  the  favor  which  has  been 

■  accorded  to  it,  and  the  experience  of  the  recent  war  bus  afTorded  a  large  amount  of  material  wbicb 

Jhm  has  longht  to  turn  to  tlte  best  practical  account. 

lafoLjieaa  of  detail,  almpllcUy  of  arraagemeDt,  and  I  American  prnfe«»or  of  furgery;  and  h1»  book  adds 
«CTiracy  of  d4^«cripti08,  this  work  Htand«  unrivalled.  '  one  more  to  the  ll#tof  exceUeui  practical  worki  which 
|8o  ^r  a»  we  know,  no  other  work  on  the  iiubjcct  ia  I  have  c^injuDAted  from  bl»  eontitry,  noticf»«  of  which 

"   '  '^      ^tTitf^nagftcan  b<>  compared  with  li^    While  '  have  appparod  from  time  to  time  In  onr  colnmn*  da- 

ir  Imns-AMaDtic  br^lhren   on   (he  i  rlug  (he  lost  few  montha.^XoN4oA  Xancet,  Dec.  Ifi, 
on  which  Dr.  Hamilton,  along  with  i  \M6. 
...   1  ican  snrgf^onx,  ha«  attuluod,  we  al««o  I     Tbew?  addUlani^  make  t?i«  work  mnch  more  Taino- 
^^u.y  w  pr<.>uU  ihttt.  In  ihfy  mtithtrtomg*i«^  a  elttA«ic^I    blt\  and  ft  muMt  be  aec«*pted  an  tbe  roont  eoitiplotc 
*-^r*'  ha*  b4*^n  produced  which  need  not  fparcompa-  I  monograph  on  (be  ftubject,  certainly  in  oor  own,  If 
HUndttrJ  ir*>Hti'»es  of  any  other  uatiuu.    not  oven  in  any  other  language.— itifi«n*cait  Journal 


EiJirrnb  I 


'Hoa  With  tii^  .«„„„.„  ..,„.*,..  .,.  „„, 
^^s^litihurgh  Med.  Jnurnal,  Doc.  IStttl. 

tetfk^  er<Hlit  of  giving  to  the  profeaalon  tha  only  eom 
^  I^f^cUcul  iTfathe  on  fracturea  and  dtilorutlous 


I  t%.J  '**Dguage  during  the  preaent  century,  belouga 
^^  author  of  the  work  befwe  ua,  a  dl«lii 


Ifed.  Seienatg,  Jan.  1S«7. 

HiU  ie  the  most  cemptcte  treatise  on  the  Eohjecl  la 
the  English  lAngna.go.--EankfHg'»AfNitrat*i,  Jan.lSfT?. 


A  mirror  of  all  that  Ih  vahisibk*  In  modora  surgery, 
ua,  a  di«tiiignithed  '  Richmond  Med.  Journal,  ^'or.  1^06. 


^^A  ^wr^ecm  to  tfw  L<mdon  HtwpUat,  Pre«(4mt  of  the  Huntfrlnn  Sfvjtffy,  H*tr. 

■*^^«ACTICAL   TREATISE   ON   DISEASES   OF   THE   TESTIS, 

H       j?^^?^MATIC  CORD,  AND  SCROTUM.     Second  American,  from  the  second  and  enlarged 


Jo^tlmh  edition, 
'/oxa^.       pp.  420. 


In  one  handsome  octavo  volume,  extra  cloth, 
|3  00. 


rith  numerous  illa^tca- 


^  WT^^^JLL  {RICHARD),  F.  R.  C.  S,. 
^^Z^J^^TISE  ON  DISEASES  OF  THE  JOINTS.     Illustrated  with 

^«-jrr^  -fc-'ixiga  oa  wood.    In  one  very  hoxtdsoine  octavo  volume  of  about  5€0  pages ;  extra  cloth, 


J'^TCAL  LKnTFEES  OJT  8UR0KRT. 
pp.;  cloth,  11  '^. 

^1  STBUCTFRE  AND  DISEASES  OF 

o  ciji  TBI  THitMr*  Qljutp.     One  voL 

*     e^tra  elotb,  with  177  flgurea  on  21* 


COOPER'S  LECTURES  03?  THE  PRIHCiPLES  A3fO 
rsACTtrs  OF  SiJHOERr.  In  one  very  largo  eotavo 
volume,  extra  cloth,  of  750  psjges.    9S  00, 

OrBSOK'8  IHSTITFTEB  ASTD  PRACTrrB  OP  STO- 
oaar.  Eighth  edklou,  Imprurcd  and  itlt^Mcd.  With 
thirty-four  plato«,  in  two  hfiiLd«oiii«  octavo  vol- 
umef ,  about  lUOO  pages,  leather,  raised  heiJads.  |tf  OO. 


so 


Henry  C.  Lea's  Publications 


rpo  YSBEE  (JOSKPffl  F.  R,  S,, 

^  Aftfttt  Snrffeon  to  tiHfi  L^!^tAHrtr  ttn  Snrffery  at  St.  Marjf'd 

THE  DISEASES  OF  THE  EAR:  thdr  Ni 

tnent*     With  one  haotJred  cDgrarin^  on  woo*!.     Spcc* 
bhnUnomely  printed  octuvo  tulumc  of  440  pnge^ ;  exlrii| 

TJn?apt"<'»Taii' ^' "I  i«  vmImiim-mI'Mt  T.-vu^ V,  tL.-rp-  :       Tim  wui*,, 

in  til**  iiM»*l  *■'  '1 


ftti«ttve.— Lo«ui(^i  Jf&da'oi  iCetf/e«o.  IrlhwtU 


r  ^  UBENCE  {JOHN  Z.).  F.  R.  C.  S., 

Editor  qf  the  OiMfttdmic  Jii^iew,  *c. 

A  nANPY-BOOK  OF   OPTITIL 

PrnctiUonprR,     Wttb  nomeraua  DluBtralio 
cloLh.     $2  50.     {Jiijit  Intted.) 
Jta  bonk  QD  ophthaliDk  ifjirgt'rT  warn  more  tmedml.  ; 

tioHnf,  U  i-  r 

lul;r»!!*  kII  lb' 

tiQ'i   maftt(>rlv 

IhxnT  I'l^ftilU'i  I 'lit 

ocrtiiio];'  l«  bu  ku  ihti  liuml*  ^f  tni  ry  y*  uffa]  ^r. 

\r,.  „.  ..  I,.,  !iy  rciHtrntiiffid  tbl*  book  to  tb«*  tiojl* 
1  !iH   oocitiilulug  »a  t'xrcll«?rit  oTitlltj- 

1  liiiliulc  ■ui'iSfry.— l^rtttM  ^ecf,  «/o(Jr. 


-u^,.  .^dfl 


r  A  WSON  {GEORGE).  F-  R.  C,  8.,  En^l. 

-'-'  ^.i^i'iXHw;  Huryrttn  tvthe  Buyrtl  LnHtkm  Outfit ftnlfnie  Wn 

INJURIES  OF  THE  EVE,  OKBIT,  AK^ 

diate   und  Remote  Effects.      With  about  one  hundro 
souitt  octavo  volume*     {Neatly  Ready.) 

It  is  &ti  adritirable  prac-tlcul  book  in  t\\^  lu^Uotfl  atid    tulnvss  of  ] 
hrfit  tentie  of  the  pbri»»e.    rupioa«lr  lllu^tr:it«tl  br     Lavr 
*?xt<ilk'Ht   woodcai*,  iiud  wllTi    *■ -n— i-.  ..  .i    »...iL    vi'., 
di'^fcrilKtd  cA^es,  it  U  wddeo    i 
guji^'-,  nud  In  M  f (ylo  tlie  Iitih 
friiitl{ac«iF>T  £o  to  Apoakt  of  whj. 
vuluf  aad  u»«>ruliieK)t.     Ouly  ii 
fotild  *o  write;  «fVfry  tople  is  I 

ilMffUiou,   ftad    »tral^blf4L*i-w«rd;i. --,    .i.^^    r..     ii    ..^      '^f* 
9kHt\ilt  «ii3d  bigbly  cducAt<Nl  «urisoo&  vrltiuf  trom  i 


e/' 


'ONES  {T,  WHARTON).  F.R.S., 

Pntf^fusor  of  Opfithfttmic  M*d,  and  Hnrff,  in  Unt^^^trtfjf 

THE  PRINCIPLKS  AND  PRACTICE 

CIKE  AND  eUHGERY.  With  one  huodrwl  nnd  M^n 
v}?ed  Amerienp,  with  Addition <;  from  the  s«cuad  Lunitig 
volume  of  ilib  pages,  extra  cloth.     $d  2b, 


lifACKENZlE  (TT.),  M.D., 

-ijL  Suryrrm  th'uHtt  in  Scotland  in  ifrdittnry  to  h^  Jf<\^u|||j 

A  PRACTICAL  TREATISE  OX  DISEA! 

TDE  EYE.  Towhioh  u  prefixed  an  Auntomical  Int 
E«r<!tu»u  *>r  iht  lluipan  Eyeball,  by  TnoMAS  WiiARTtil 
revij?ed  mini  enlarged  London  edition.  With  Notes  tkJii 
M.  D,,  Surgeon  to  Will?  Hospitiil,  A«.  Jtc-  In  noe  veCj 
of  ll!l27  pages,  extra  uloth^  with  platen  and  nuuieroiLi 


If  OR  LAND  (W.  WIX  M,D. 
DISEASES  OF  THE  URINARY  0RGA3 

Diagnosis,  Pnthology,  and  Treatment     WUh  iJltislni4 

octavo  voluniQ  of  sbont  (!tUll  pag«9,  extra  olotb«     $3  60. 

Ttiken  a^&  wUnti*,  wt^einreeotampQd  I>r  Mor1ttud"<«  I  wf  evefr  mf^H 

eomp«adlaina«aTer7dt«trmblcftddiUoaiatli«Ubrar7  |  Ar.  Jntf.<CI 


,  Lea's  Publicationb — (Medioal  Jurisprtid^^nce^  d:c,)* 


fTAYLOR  {ALFRED  S,),  M.D., 

-*  l^JcturtT  vn  Mr.d,  /ttrifp.  and  CftrmCiriry  fn  €hiy*a  Hf-iirpita'L 

MEDICAL  JUEISPRUDEXCE.     Sixth  American,  IVom  tlie  eidvtk 

und  reviaerl  London  edition.     With  Kotes  and  Refereut»e»  to  American  Becisions,  li^  CljS- 

IJEST  B.  PiXRORE,  of  the  Philadelphia  Bur.     In  one  large  oottivo  voltliae  of  77d  pag«9i 

extra  «l«th,  $4  50  ;  l*jfither,  $5  60,      {Nftw  Ready,) 

Conpidemhlf  udJittonf  have  been  made  by  the  editor  to  this  edition^  comprising  foine  importnnt 

ctiouB  from  the  author**  larger  work.  "  The  Principles  and  Practiei*  of  Medical  Jnriisprudietici\'' 

t  freli  lis  references  to  American  Jumt  find  practice.     The  not^M  of  the  former  editor,  l>r.  (larts^ 

borne^  hav^  likewii^e  be^PTi  retained,  and  the  whole  is  pre«s«tiled  us  fully  worthy  to  uijitutuin  the 

lictitigai«Hed  position  whieb  the  work  has  acquired  fts  &  leading  text-book  and  authority  on  the 

pubjeet. 

Jk  new  e<J1t1f>Q  of  ft  vrt>Tk  s^kroirl«^(r(*4  as  a  stand*  |  elaborate  ireatlsea. — New  Tork  MfiUctxl  Rteurd^  Feb. 
^rd  miihorltr     -  -    -'         .    .i       ,^      -     ,;<>  of  the    h\  1S07. 
Bt»fll-h  l»iiu  lur  lalro-       71,^  preeeal  edlllon  of  this  valtnihU  roinaul  U  a 

Urtte-^  rt'firf"-*"!!  Liii,';  II""  fry-.K'u—                                   .»-.,..-           ,,       ,     ,  ,,,.^ 

,lrly  b*»  fi-kpirded  iw  the  m\iT'.  ,  .^_ 

'  ttnd  p'mcilcal  work  an    n  ,|, 

rhich   httft  liiiBued  from  the  prr-s  ui.d   in*;'  <mjp  ih-^.i  |  j,,,^|  „,njH  hf'.vrijii.  iL|'.i-i  ue 

f^rnift  ftad  ii>l(Trii«(ropla  »-'  r<l 


itleil  f'jr  ttuident«.=-/'tic<^c  Jkfeif,  aod  Hurg.Jtmrnntt 
Fob,  1&57. 


The  Mxth  edition  «if  thla  popular  work  cowie*  to  as 
J  elmrsi"  of  a  new  editor,  Mr   P*«nrono,  of  the  Phila- 

f4.r\,Ari',  l.'.r    wLr,   [<..-,  Amu-  m^rh    I..   r.Mnlr^r  ir    u^.^MI, 

tit,.     .....  .....    i»r. 

B»rt«liurn' .  N-ft  uf  111* 

The  I  15  50  Trell 

published,  I.  .,:  ^       Ik^  l» 
'  ihe  L1gU«T*i  .  on 

gieet^d  w\iU  fortni 

edition  of  h'lJ*  v»l  II.. „ 'to'      Tiiylor'iJ  Medical  Jiirlik|i 

bU  inftoy  admin^TA  Liii«i  iir  wtil  cauUbu*?  iu  umiutHiu  1  book  in  oar  eol!eg«u  far 

k.«_ 11    .       1    ^^  -  li  r  »_  W^   ..  _  _     -I I  )      1  _    r..  ^1       U.»    I   *t  .,  _      _t  .  K    1  I.  _   L.  ..1  ..  d  I.I.   _ 


t;. 


poUons  ln?>»'rTt-I, 
Introdm'ed  i"  . 
work,  '*Tbc  ) 
itrodeoc^?,"  r. 
lion,  iiiNiJinltv 
manka.nuHiii^ 
to  U9  value,      ! 

rons  referetii  1  tu  iliU 

country.     Ii  iLilr-hw>k 

in  tlilN  d*«pjir  I  Hod  tho 

geof^nil  pnictitiM?iiM'  Ui    i«ur  iLLiiijjiiiiti'j. — iirntt'tn  Mt*L 
l7o  I  rtnrf  Sfirijr.  Journal,  Dec.  27,  lfer)(>. 

Ii'lir*'    liii-   l.ft^li   Thl»  t«"Xt- 

-• 'HI  eUl- 

il»  well-en raed  po^U(0Q.     No  one  should,  in  f«et,  bo  I  tion,  with  the  valuable  n ^  ki  Ameh' 

lih«ml  It  u»xt-bouk  on  the  stibjooU  a*  ha  doen  not  |  cnn  editor,  render  it  iLo  .       i  ik  of  the 

ll»>w  hut  that  hi*  uext  efl«e  amy  e roar e  for  him  en  j  day,  on  ibe  peculiar  pruvi uc«i  •»£  jiK^diLiiK^  iHt  whirh 

it?!'.i?"unr  foir  its  u».o.    To  iho«e  wlui  are  not  the  for-    It  treat*.     The  AmeHcMn  editor,  Ur.  IfiiftwhDroe,  bae 

,uiiute  pu^^ii^^ur^  'iC   t  tm^ ill !>'■.'.  r^Addble,  Interefting,    done  hlB  duty  tct  the  tescl^  and,  opon  the  w))ule,  inre 

d  thofjjughlf  J"  njitiL  the  (•abject,  wc  '  cauiiot  but  con^Jdor  ihi«  vidiiioe  tJjc  beM  iiLd  riebi<^t 

ould  eurne*tly  r  i!*,  at  forntlng  the  boBl    ircHli^e  on  medkMl  j u Kitprudeuco  la  our  lauguagv.-* 

undvFork  fMr&il  ..^v.^  _.ur&  «tadlei  of  thu  more  '  JitU,  Am,  Jilted^  JourHaL 


W/.V.S^LOTF  (FORBES),  M.D.,  D.CL.,  jt. 
OX  OBSCFKK  DISEASES  OF  THE  BRAIN  AND   DISORDERS 

OP  THE  MIND;  their  incipient  Bymptoms,  Pathology,  Diagnosis,  Treatment,  and  Pro- 
phyliiJiis.  6econd  American,  from  the  third  and  revised  KngUiih  edition.  In  one  handfioiae 
octavo  volume  of  nearly  600  page$,  extra  cloth*     $4  25.     {JiiM  Issued.) 

Of  the  merU»  of  Dr,  WImIow'*  tren(1«p  the  profps- 1  our  conviction  that  it  \n  loog  tinee  no  {mporlnnt  Rnd 
tfnu  hn!^  eiolScleatly judj^ed.    Ilbewiti'    •     '    :'"-'»ltt    beaatifolly  written  a  rotume  has  1-        '  '  thf 


he  front  rank  of  ihe  woVkn  opoa  tli  urt- 

_aent  of  praclieal  mediriue  to  whh  ji=.. — 

fikncinnfit(  JifUT-nuio/  Mtdicint,  Min^tj,  i-..j., 

It  U  iiu  hittf^e<ttiTig  volnine  that  will  amply  repay 
br  n  eari^fal   petuf^uil   by   all   intolllgeat  r^Ldera.—^ 
\Chi(s*go  M(d.  Exaniincr,  Feb.  lf^«. 

A  work  which,  like  the  pre»ontt  will  largely  aid 


DHileh  medical  jirea*.     The  details 
menl  of  coaflrined  ca«efi  of  inxanWy 
tereat  thone  wbo  have  it;   ^     - 
ipectal  utady ;  but  Dr.  \ 
tfon  of  the  early  »yi«]it<r 
tlann  of  the  In^idli   i 
togpther  wllh  hi*  1 
etil  of  di*i'ider-» 


le  practUloner  lo  ri^cogniiiug  aud  arr«tlng  the  first  j  cj^t^fnUy  studied   ip>   hh 

'  1.|}1*^*^J.*  I  re*pou»ihilliiea  of  medical  practice.— i)u^i/mJtftJim^^ 


||«ildl•>u^  advancen  cf  cerfbral  and  rneotal 
neof  Imiikenee  practical  value,  and  demands  oarnettt 
^UentioD  tttid  diligent  •^'tihiv  i>ij  cIih  part  of  nil  who 
lave   embraced   ttie   nn  "ion,   and    have 

Ifbereliiy   nuderlnkeo    r<  -^   iu   which   the 

irelfare  and  liappiaeH*^  j^Ih  and  f^mllK'A 

I  largely  Invulved.     VVV  tiliull  llier»''fore  olu^iO  thi» 
|rHef  and  neceanftrily  very  5ioi>erfcicl    notiee  of  X»r, 
dow'«  great  aud  cU«4ical  work  by  exprosaing 


Jtt- 

*»- 

.    :,,P 

■n  iFjn  pi.MJi  in-iiiiity, 
rvntlu&4  oil  the  Ireat- 
^UoiiJd^  we  rr-peat,  1)* 
h«v«  UQdertaUeu   the 


\K  ifl  the  moit  Interefltiaf  as  well  as  rain  Able  book 
that  >re  bitre  Been  for  a  long  time,  ll  it  truly  fiuci> 
nation* — Am,  Jmir.  Mtd.  Scitucf.^. 

Dr.  Wlusl'iW'i  work  will  qr  u^onpy  an 

unique  poMitiou  in  Um  medn  xl  litera- 

ture of  tbla  country. — LuhjUoh  „,„,  .^-..^L-ii}. 


ISHTOiV  (T,  J.) 

ON  THE   DISEASES,  INJURIES,  AND  MALFORMATIONS   OF 

THE  RECTUM  AND  ANUS;  with  remarkiion  Habitual  Constipation.  Second  Americati, 
from  the  fourth  and  enlarged  London  edition.  With  handsome  illui^tralion^.  In  oae  very 
beanttfully  printed  octavo  volume  of  about  iitIO  fkagee.     $'A  tC>.     {.fust  hsnetL) 


We  can  recosiTnaiid  this  volume  of  Mr  AMhtona  in 
||he  ^tnmgest  tenus,  ai»  ooalnlu'tctg  all  the  lnte«i  de^taili 
idf  the  pathology  ami  treatmeaL  of  diflRaaeit  eonnected 
§.>frith  Ihereolnai.— Cf/nxu/a  Mrd.  Jnum.f  March,  IfitSti. 

Due  of  (be  mott  vuluable  •peciai  treatise*  that  the 
E|^hy«tciaD  and  Murgeon  cau  have  in  hi«  library. — 
yChlLtn/o  Mufdtffat  EJcaminfT,  Jan.  llstje. 


The  short  periihl  which  Iia«  elap»ed  elhce  the  ap- 
pearance of  the  former  American  reprint,  and  the 
nttuieroQi  edltiouH  fix^i  kK^.i  ir,  k,,..iu...i  .reihebe^l 
arguiuentM  we  can  1  the  tn**^ 

let^AcveM  of  any  f  nt  a  book 

already  no  favoralu.^,  ..„,..  ^v. *...,.*», ^ — B^j^tun 

Med.  and  Sttrff.  Jiturnat^  Jam  ^<>,  l^u. 
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